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m^?#-kvxmmxh?> 0 

Is^^ArX (SeV) ^^tiWM^-CS^^ottt SeV« 

V^5o 09*.tf, BHK21«lCMumps virus£«£«^ felfi*- K^*T*#E 
a^^^-r-i^^^^ (Minato, N. et al. (1979) J. Exp. Med. 149, 

1117-1133) o %oM<Ds<7^?y$4;\'Xxhmufcffim.M%t) t i& J £& 

flX^^o Fusogenic protein(Dfe^;^^^^^^i^TV^6o Galanisbft 

, measles virus <DF, HN^SSSr^Lfciadenovirus vector^ Jg^Lfc0*ffl 
m^S^ x >-k*Mj&U in vivoT^-^frSr^LTV^ (Galanis, E. et 
al. (2001) Hum. Gene Ther. 12, 811-821) 0 

yn^P^nf7-f (MMP) & £Tf/*i1ttf7 l ?X$/-'!n'T 
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- (uPA, tPA) &H&3&&t&Z.b&tobinX^& (Cox, G., and 0' Byrne, K.J. 
(2001) Anticancer Res. 21, 4207-4219; Andreasen, P. A. et al. (2000) Cell 
Mol. Life. Sci. 57, 25-40) 0 ^(DM^tLX, &mifctflRfflBkmt Zfa *:<0 
$.t>*)\zhZ>mifotl-i'b}) (ECU) *«MEi:<c9#BJfi©#ft36S-Ctftv^T? 

* *f4-t©BCM*^S?-t-5»* (MMP, uPA, tPA) «r*3iU ECM5Wj?1"SC £ fc«t 

MA^x^-r, n<>tcmmx$mnzMiib¥m-$-z>zkxhz> 0 n^^i 

(C2oOMS^UTV^-5 0 F (fusion) M&^te^ /K* £ ^feT'fcSMS 

HN (hemagglutini 

n-neuraminidase) 3 & Rtt*JfiL3*«*te t©/^7^ i?EH4«: f> *> s ^ V 
ir:/*— tt^i-S«IBSr*fci-. FS&Slfcitfraesrii;*'^ *a6ltfc t> 
PftffU ^/W*O^i^n-:/*®i-Si±iL-CV^ 0 &fcM (matrix) ^fijCte 
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FMBM (FO) Itt^^fttajli^tt^^^f, fi**©/nr7-^ 
fc J: >9 MS! LTF1 kF2\£fmZftZ> - £ laottt £©T*©Bte»tt&*1- J: 
5fcfcS. ^ot, f?£M©F§£fr£&o«7.0K*©it5fil;j\ ^©aeKSrHS 

L £ 5o $ * y !M/VX-CttF©«K: £ 5«tf> h n t°XA % L < 
©&3Steo^T©«*ftW%;aSft$;h,-CV^ 0 SeVT?fi x a-** h!J TVl'T?© 

^MgH-SFfcjSo^to&s b y :A>yiggte££i\ ^©fp if xa#f©M§! 

S3^#ftttlC&;b*;:£as^£jfvc^5 (Tashiro, M. et al. (1992) J. Gen. V 
irol. 73 (Pt 6), 1575-1579) 0 Newcastle disease virus, Measles virus "Cf4 

fc*^L/tV5 (Li, Z. et al. (1998) J. Virol. 72, 3789-3795; Maisner, A. 
et al. (2000) J. Gen. Virol. 81, 441-449) 0 

? * -ag Am © »7 W /V* © 2 jfc&ffi ^ 5 o r> ^ ^ £ 

« $ *fc*M& -er± if y *^iiWj& isini&tj mmisiiziz^ 

#ttttJfta»fcifeffl$;h,5. ^rtS-^-fcfev^Ttt, JkWz$ffitl,tcVJsi'X&£ 
grlz.mm'ZZ.bhMikZinZo £tfc N WtB*#fcfcVNFffl5*£8iseV (Li, 

H.0. et al. (2000) J. Virol. 74, 6564-6569; W000/70055; WOOO/70070) £*f 
ALfc»»bt!>^;^itf (VLP: virus like particle) ©ftti|#4Ufe 
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(W000/09700) „ itib©M^tlS^-r/v^ft, ^A$Mc:}3^Tli;£Si£*K 

2ftttattft : FS:a^*i*, #s©«a»"T?©*«ifeSrjs:»f bftsifft*'***-* 
p, upa, t?kt£i£<D7KTT-^mt%m\^x\^hm^<frtt>hx^z> 0 
*5ft5MMP, upa, tPAi«H»5i^Mfe«rjii^fc>*Tfiifli u ^tmrnm^mm 

M£.K%\<^Z>M%(DWM]&& (Kato, A. et al., 1996, Genes Cells 1: 569-579 

**mj3fi3frct*^ (wooo/09700) . mmcommmmtLXMK&m^??-* 
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mutism. (38TC) ^*5v^Ti@Ee©»Hi^^Bt«^b'rv^ 0 

«J*«:^*^1f--«lWllK:J:9»L<»K<fcir:6^ <£S (32<C) fcfcvvc 
iiMffiT'©MIS©^fe|if tt{ST LTU 9 , ^/M= (microtubule) (DM 
^XWM £ tLfc 0 (37°C) T*l^&«l&/ht©^fr#ffifi 

(•Tfcfrfcrf/^frttiE) }3lM4bT#4LTVNfc 0 WfUl^j^ijlltS 

m&\.xmmvx^z^mmm^tnmztiit 0 u±<d^^, mss 
*fe^x^6k%zhtix^mm&<DMmftm&<D^±xhzkmj!Etsfotc 0 n 
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H5 0 t%t>*>*&wmibix m&&<Dm&Kxm*§-K£&z>3L5ft&m&& 
^Mommttmt'f /isx<Dm&&$.titc ^4^ML^mu-r?> - £ }c^^ 

Sr5£T?t 5££tt©Kv^*-f ^-©Jt^rf-f&SEM^^ *-©&£&nriBfc:1- 

mtmv-i *x vtc^micit^ m<omteteitirtz>mmm-zw &xho 

fro cft^Tick uhv &Jji'Xtels^xw&&toi&&mtob1-z>'Z?f--&i¥ 

B^tl/TV^^ (Peng, K.-W. et al. , 1997, Human Gene Therapy 8:729-738; P 
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7 

eng, K. -W. et al., 1999, Gene Therapy 6:1552-1557; Martin, F. et al., 199 
9, J. Virol. 73:6923-6929) % #389! b [i^KfljOxUV ^oTV^ 

o 
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Cl] ^7^^y^-f/^©^yARNA-efcoT, (a) Ml6S^n^Kt5^ 
LT*5 9 N (b) »F§6JCT-fco-C, Rg&irons 

(3) i^Df7^f©#ft«bt, m^^t»A$^tttt2:«ftH- 
[2] fr-Ol^ttPTf&S, Cl] 

[3] BF£SFM«fcSe>R:£if, [2] fcfB«©«£flc % 

C4] 5 ^ y !>^;V7^ty^ [1] [3] 

C5] R^f7-W 4 *T?fiHfeWt3t1-*^n^T— tf-?fc5> Cl] 
C4] OVN-rtbd^CfB«fe©^^ % 

C6] i^DfT-f^ y^^^^P^n^T—tfSfcfi^^?/- 
Jf^T Cl] 3ft»fe [5] ©V^ft;Wc|B*<&«£H*\ 

C7] ft/Pf7- ^{JlJ;oTM^$tL5BB^ x Pro-Leu-Gly, Pro-Gln-Gly, 
£fcf3:Val-Gly-Arg£r£ti\ Cl] C6] Olvf ftjNcfEicO^fo 

cs] WFifiti^v^, if^SFSSSt35s^ojjBia®K^>r^©-sij#^: 
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&LTl^ [l) frt> [73 (0^-ftlfrKm&<D&&fc. 
[10} ^ 0 7^^y^/^oy7ARNAT^oT, (a) lffl|&«*3— Ki"S 

»HI«ft*fctt^*LT*5 5, (b) gfcgEFsew-efeo-r, ^sfifC©^ 

l) ^^'f ^» ^A^fc^rt-pg^/ ARliiStSi*^ ( 

[11] ^7$^y^^©^yARNA-CfeoT, (a) ^#«J^HSr%1-5M 
KU (b) «FSGStt*fcoT, #a&SC©W3»Wfc©E3aj 

ftKi^v^^^^^o^^^fcfiT^fcttJBfeurfeij; (3) i/a 
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[12) ia a) £35°c^T-efT9, a o] ntut en) \cmm<D^ms 
ci3) xm a) ~ (ii) <D'pta< kh^Ttifr(Dt%Mfc&^xm&mm&w 

iifc^-r/^^^T'nxr-^-eMai-sxa^tj's [io] $.tzn ci 

[14] XU (i) {^:*3V^T»»Tv^ 0 7^^y'>-Y/^xo^MF®eR^|§ 

xm (i) ~ (ii) th^irti^ommimm^mFm^K^m 
m-z^u^r— z>-t)\ fesvMixm (ii) t*5v^TlEl)^x$i^fc^> 

-r/^^^yP^T— ^T^S^XS^tf, [10] £7U2 Cll] 

[15] C5] ^fB^^^i^^tcfF^^^Sfe^^tP^O^m 

[16] ^7 5:^y!>-r/^FaeK^«^e«TfeoT, MMft^Pro-Leu- 
Gly, Pro-Gln-Gly x £fc&Val-Gly-Arg£-£^ h IJ ? n^pfT 1 - t? 

[17] [16] tefBttOgGfT^-KI-SSik 

[18] [16] fc«©«e***:B««e«*=«---Ki-6«Bfc**tf!>>f^ 



WO 03/093476 



11 



PCT/JP03/05528 



[20 j ci9] fc!Btt©w£ga®T?fcoT; mm&m<Dmmwz<Dm*ttK 
esr, 

[2 1] [19] fcffi«©geft£3w- K -t- 5 #£ % 

[22] [21] fc|E«©#gfc&-£tf'<* * 

[23] [19] K®&<Dm&n&tcimmm*=-\?i-zmt&<e;ttv>(/i> 

*mW\Z$>^X/*7 $?y$4/\sXb ity<y 5 ^ y^/l/7S {Paramyxovirid 

ae) tmi-z*'(/i'X*tc\tt<Dmmftzm-o ^^y^w;*, 

/VXffi^ (Paramyxovirinae) 5 * y £^ A*JR t°n ^^/l^xJi t i 

mo) , /i^^^xM, fciTJ^e- if V tJ/i'xm&^tr) fcitf^-^ 
^/VX!?^ (Pneumovirinae) (= a. >-^r^/v;*Jg;j3 ^^a.— ^e^A- 

lZl$±>¥4<7J/l'X(Sendai virus), =3.— # yXAtfaVj (Newcastle di 
sease virus) , $$tc& < * W /W* (Mumps virus) , J#$ £ ^ /p^ (Measles vir 
us), RS^A* (Respiratory syncytial virus), 4*3$ ? -f A* (rinderpest vir 
us), ^r^-^;W (distemper virus), f-;W<y4 l/yjv^l/f 4 ;V 
* (SV5) , tM^Y^xyf^^^l, 2, 3M^^f^tl5 0 Jc^Jtr 
##J{C{3:, #|x.f£ Sendai virus (SeV), human parainfluenza virus-1 (HPIV-1) 
, human parainfluenza virus-3 (HPIV-3) , , phocine distemper virus (PDV) , 
canine distemper virus (CDV), dolphin molbillivirus (DMV), peste-des-peti 
ts-ruminants virus (PDPR), measles virus (MV), rinderpest virus (RPV), He 
ndra virus (Hendra), Nipah virus (Nipah), human parainfluenza virus-2 (HP 
IV-2), simian parainfluenza virus 5 (SV5), human parainfluenza virus-4a ( 
HPIV-4a), human parainfluenza virus-4b (HPIV-4b), mumps virus (Mumps), *3 
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£U*Newcastle disease virus (NDV) Jfc^^*ixS. «fc D L < Sendai 
virus (SeV) „ human parainfluenza virus-1 (HPIV-1) % human parainfluenza vi 
rus-3 (HPIV-3) N phocine distemper virus (PDVk canine distemper virus (CD 
V) % dolphin molbillivirus (DMV"K peste-des-petits-ruminants virus (PDPR) 
x measles virus (MV"K rinderpest virus (RPVK Hendra virus (HendraK &<£ 
tKNipah virus (Nipah) 36»6><C5#J: DjIft&tiS ^/W^^J^-Ct S„ 

^SM'^JR, *5«tTJR-=e — iry /VXJi^tp) fcJS1"5 

j;t)^*L<H:^brn«>^yV^JR (Respirovirus) (^7^ 
^yfr-f/W** (Paramyxovirus) tt>W5) fcJR-f-S /V**fci±*-©flNMt: 

^7>r^7^ai^-9*^>f^is (HPiv-i) N t h^^-ry^/v^^if^^/vx 

sm (HPIV-3) , £S"<7^y:7/Vai>iF^/V*3§! (BPIV-3) % 
/V*(Sendai virus; «v ^7/^^^^/^ 1 ?g£ fcnffitLSh *5 

M^-;w<v4>-7/^y-f^^/u^iom (SPiv-10) fc£fj&s-££;h,5 0 *3SWlc 
<z>£^xte N 3*:^ 7«ft«. feit^A^WtfllKiSti/ 

^^y^w^m, ^y^w-^K-^ ^^wr- e&s* y#— -t? 
5 0 est**, Ki-ssa»*^#y ^^-f - k**si$ 
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mm £ titc $ << ?j A £ a - K-f-5 * y 5? * i^f- * >f 

A^7 v c«A^^^ff-$tbfcia^ijT*fe«9#<5o *3SWIC*5V^T TDNAJ 

35ft*fcW:^LT*JDx (b) Bfe&Fgeflt-C&oT, ^§&^©M§gP& 

o 
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-YV (RNP) T*feoTJ;V^ RNPf*. ^J^f^S<D h^^^^^^a ^^^^ 
^WT»£>g;M-5 w i 6„ 5 £RNPf3\ Afrlfcfc:!*'^ $ y 

*^«*-C*)0-CJ:V^ »i9+^-fC/h$<, ^<D*#£teiItl0nm~800nm 

gbmzwpzmf&u &m&mz£v?yj*wmfe*i>mmu KKsm 

tV zfmmt&?y Mz.mH7-<( ;v*x-foZ><DX\ z.<d& 5 *RNAtt*|ftta^4- 
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U fe5S©»T-««^HN^e®fi^M^< (Markwell, It A. etal., Proc 
. Natil. Acad. Sci. USA 82(4) : 978-982 (1985)) , FSfiftO^Jftfej&Sjfaifc*" 

WXt°n^^/V^Jg NP P/C/V M F HN - L 
^y^y^/V^Ji NP P/V M F HN (SH) L 

tf ]) VjtVXm NP P/C/V M F H - L 
mk.\^<=7 ^y^^/W^ (Paraayxoviridae) <DUX\?u & j jVX. (Respir 
ovirus) ^^^tLSir^^V ^^©^^©ikSgE^J©^- *^—;*© 
T^-fey^3y##ri % NPit^lCOV^te M29343, M30202, M30203, M30204, 
M51331, M55565, M69046, X17218, Rtfi^-fco^-Ctt M30202, M30203, M30204, 
M55565, M69046, X00583, X17007, X17008, IBHS^fcoVvftt: D11446, K02742 
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, M30202, M30203, M30204, M69046, U31956, X00584, X53056 N FJft^-fcOlvr 
it D00152, D11446, D17334, D17335, M30202, M30203, M30204, M69046, X00152 
, X0213U HMt'fr^fcoV^te D26475, M12397, M30202, M30203, M30204, M690 
46, X00586, X02808, X56131, Ut'&f KlOV^rtt D00053, M30202, M30203, M30 
204, M69040, X00587, X58886$r#HR© £ to ^^©(fiO^/V^^a— K"t"S 
$4 M&fi&'&WTtt'tlti. Njt^f-fcloV^tt, CDV, AF014953; DMV, X75961 
; HPIV-1, D01070; HPIV-2, M55320; HPIV-3, D10025; Mapuera, X85128; Mumps, 

D86172; MV, K01711; NDV, AF064091; PDPR, X74443; PDV, X75717; RPV, X6831 
l; SeV, X00087; SV5, M81442; Tupaia, AF079780, ?&&=f-\Zl^Xtis 

CDV, X51869; DMV, Z47758; HPIV-1, M74081; HPIV-3, X04721; HPIV-4a, M55975 
; HPIV-4b, M55976; Mumps, D86173; MV, M89920; NDV, M20302; PDV, X75960; R 
PV, X68311; SeV, M30202; SV5, AF052755; *Jj;t* Tupaia, AF079780, Gftfi? 
{CO^Tte CDV, AF014953; DMV, Z47758; HPIV-1. M74081; HPIV-3, D00047; MV 
, AB016162; RPV, X68311; SeV, AB005796; *5£tF Tupaia, AF079780, W6fe=f- 
{COV^fct CDV, M12669; DMV Z30087; HPIV-1, S38067; HPIV-2, M62734; HPIV- 
3, D00130; HPIV-4a, D10241; HPIV-4b, D10242; Mumps, D86171; MV, AB012948; 

NDV, AF089819; PDPR, Z47977; PDV, X75717; RPV, M34018; SeV, U31956; 
XT SV5, M32248, FSt^fcolvtW: CDV, M21849; DMV, AJ224704; HPN-1. M223 
47; HPIV-2, M60182; HPIV-3. X05303, HPIV-4a, D49821; HPIV-4b, D49822; Mum 
ps, D86169; MV, AB003178; NDV, AF048763; PDPR, Z37017; PDV, AJ224706; RPV 
, M21514; SeV, D17334; SV5, AB021962, HN (H^fcteG) itfc^HdO^T 

fit CDV, AF112189; DMV, AJ224705; HPIV-1, U709498; HPIV-2. D000865; HPIV-3 
, AB012132; HPIV-4A, M34033; HPIV-4B, AB006954; Mumps, X99040; MV, K01711 
; NDV, AF204872; PDPR, Z81358; PDV, Z36979; RPV, AF132934; SeV, U06433; 

S76876 i>m^X^ 5 G <&U £$4frXftWk<D&&tobtlX$S 
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m^^xm-^hn^tvx^^?>^t^mxh^ 0 

^M^RNA^/Af^ 3' U-^CIi N N P, M s F, HN X joi0 
L^SK^T^^V^}c:=t- Ki~5 6o©0RF^ji[||c|fe^43!9, ^tU;:j^T5 
' h W7-^^«(^-r^ 0 #S§0J©y/ARNAK::i3^Tki\ ^/kXjUS 

0^^^-©loO«(3l*5V^Tf^ i<D0RF«#&L&V^\ *>5VHi&J|llS 
SJtSra-KLTVNSo ^fc^PjO-^ l o©|6$fc::|8VvtH:, *fJJ» 
tela- K*^6FS6Sr©PIShSmf± % If^SlFS&S^BISbJ&l^cixT— 
fc£oTMS£ft5E3flfc#fc£;ivCV*5 o #«9i<©-$V arnaB\ lo 

#*-f/v*gfiSC0RF£>ra % *5J;W*7tfi5'^c*^>jev^r>-r/^^ae^ORF<^5' h 
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Xi _ 5w^^M*LV> (Journal of Virology, Vol. 67, No. 8, 4822-4830, 199 
«itfc^cD$g^w</W3\ *©3tfc*©±fls (*tf7-j7mMm) \ZLffln 

tzfe^fflimmowmte£*)mwirz~b&v% z> (wooi/18223) 0 y 
©5E < ku* a*- s & ^assa woi^s* < % 5' ois < {c#ai-s if^m u-<^ 

U ^^^7W/A03 , M<(c:#A-t-§iiW^tv\ JWftHifcWt, 3' 

3' K:-#jfiv * * /K*3ft5^ £ 2# @ ©»fi^©0RF©M m# A L X h <£ V \, MK 
, ^A&fc^©i$3&m#M*b<fcV^£W\ fc*5»tSl¥Aae 
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(hemagglutinin) filttir J 4 7 ^ =-^— t? (neuraminidase) fgtt^M 

^<fif©tel!:*H"SSeV<Z>JSJ!S(tt^R*l!:^i-5 (Kato, A. et aL, 1997, J. 
Virol. 71:7266-7272; Kato, A. et aL, 1997, EMBO J. 16:578-587; Curran, J 
. et aL, W001/04272, EP1067179) 0 r. <T> <fc 0 ftp*^* tt* in vivo * 
fcteex vivo^jo ^^<Df^W^=mXm V 4 LT^rffl-CfcS 

o 
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ftl\ 

/<?S*y«MA'*©F«M (F0) te, *©**T?fctfMfciM*HSte&* 

6 d £ {c i ot^©Mfe^*t i 5 left 5. nstc J: 9 4 Ufc 2 oofm 6« 
Wf>T-t4N5l5fll*$F2, 43<ttK:*#]^Fl<bl¥ffixM#ft^^^7^ Ka&£fcJ: 
LT^S. F«e*«rHSH-5fcW\ coi 5 JclU:©F»6Kfcll©*MIII© 
>T yfcfcwrSWU *WMB^I&«r«»*** J: 5 ftfHr#££C£i*r5 - £ £w 

furin& s IS^Ay^^jJWfe^^V^KllfaiWt^i-So furinOBBfct^- 
Arg-X-Lys/Arg-Arg (RXK/RR) (7*-CK£l b*Wt2O0T 5 / flfett ifhbfr 
X'bZ>d.b&&i-) T?fc5 0 mWM(DM^\ Human PIV3 (RTKR) , SV5 (RRRR) „ 
Mumps virus (RHKR) ^ NDV (virulent strain) tfbMW (RQR/KR) % Measles viru 
s (RHKR) s RS virus (RKRR) ft i£\tm^\t\Z.^b(D^—y<Dm^W^X 

lHm&(Otet'\ Sendai virus (PQSR) , Human PIV1 (PQSR) , NDV (avirulen 
t strain) (K/RQG/SR) Xit^(0^-7\^Xl^t. £>1\ -feyx/nf 1 

T?t5 (M&tf^/W*^, *B*IE-|I*, SOSC, IS**^, 1997, pp. 247-248 
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*££VT?tS„ «W©-ffitRK:*5V^TFSeKH:, FSeSTiBSIfMfe^T?/ 
& ^ :&J;tf/£fctt#AK:.fc9efc£U Il©^nf7- tffci&HSSfLS 

i5^ia?ij(cs«^i-5o r$/WEM©asaer±, ^p©«BJtt»»tt*jM»A«fe 

h p ifXA^^SFaeftfcJt^-Ctt^^tL*. 

(W001/20989) 0 i©i 5fc^it-?gtti5fcS^n7 i 7'- if-?«£;ft5iS 
?J£#oF§SS3i£rf SrJHV^'** r. bKZ. «9 , ^o/pf7>- 
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, mmm. $m mmm, mwm*t\ mm^nmx^t>tix^ 
z>&x<D®m\zmirzm!&frSAsx*^Zo mm* tt*sxhv74-m\c*stt& 

t i o xmmt is tizmmftfemmnzG u it#m<Dmmm\z 

U Bm&'%&M<OB\%&% l 5\< t%Z-htlX^Z>o % /W<4 XDtymUm (Kar 
lsson, J.O. et al. (2000) Cell Biol. Int. 24, 235-243) t LT&s L 
eu-Leu-Val-Tyr *S##a£Wfc LT/8V^tVtV^„ 

T&Xhho 76fi©T$/tt*»fe*S^^^W:x ^t^^SttM* (El 
) , (E2) iaXU^^^V^-^ (E3) fciSiiiKW* 

^$tt§o teafS#&i-5E3^ftHECTMi:RlNG 7^ ^tf-M^SIJ&frU 
c:tbb©BNIfl»©**tt#^«>-c#<©^JSil!:B84r5. 26S T'pfry-A 

K:*H"55MBPSIf UT»±M*.»iLeu-Uu-Val-Tyr^fflV^*1/TV^5 (Reinheckel 
, T. et al. (2000) Arch. Biochem. Biophys. 377, 65-68) . 
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fH»v h y y^^^spittt, mspt^^mM^yr s v-vmpm (a disi 

ntegrin and metalloproteinase) ^OglfrlJ £;h/tl^ 0 #^ADAM 

TS (ADAM with thrombospondin motif) V %V (7?$% 

y) <D&MK&&<0&£b%&.t>1nX^Z> (Tortorella, ED. et al. (1999) Sc 
ience 284, 1664-1666) 0 ADAMTSM «fc o Tagrican^ 5 ^^ $ tlfdSi^li^M £ flX 
(Tortorella, ED. et al. (2000) J. Biol. Chero. 275, 18566-18573) . 

-ifVW^y Mll—i/a R7 , 0f7- ^»e j f-Sr#MWH:iS#Si-5^'^ 

y/pyK elisa, ftmmiz tic x d miz-tz - £ #-c$ 5„ 1^077- 
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M;tl£lfflfl&^ hVyf* (extracellular matrix; ECM) ^fiiH^^ttteU 
^lt^^:te^^4©SS^^:*3V^"r?Stt^J^:iSbTV^5 (Nakajima, M. and Chop, A.M., Se 
min. Cancer Biol. 2:115-127, 1991; Duffy, M.J., Clin. Exp. Metastasis 10: 
145-155, 1992; ^Sot* W^h^^MiiJ , ?f*7G?& MM TO© 
mmtbfcm , *#E¥tt PP. 124-136, 1993^) . BMfetefcVvttt* ram 

ttBCM^SBa^f i *ECIW>*ffl#?S < BBfro T*5 »K ^ECM^f <Z> 

5iiia!>, *»JW«iiaa3tei8 tr«ili"*^ ^-^*^-rs^ t #-e# 5 

o 

&am#R]&* mmm. $Hk *<k *aE£fc*?£ 

^OxT-^Vttf^- (serpin) fc«fco 
ECM#fiH4i?y y^PfT-t^Utts tfxT^MK ^-7^^-ir\ "fy^ 
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■7*7*^ J— tfl/T 9 (plasminogen activator; PA) ^(D^ :/fc 
^—-efc57°7^5 tfyT?^— ^WVt^- (plasminogen activat 
or inhibitor; PAI) #f&|«ILTl*S. PAK\Z, JfcttKB£Mr*IUt3PA (tP 
A) i\ Ed$Mi?te:M#-rS*ndf^-- tf§|PA (uPA) fcj&SfcS (Blasi, F. and Ve 
rde, P. Semin. Cancer Bio. 1:117-126, 1990) „ Zfrlb(D20<DPk\t, Pkltlfe 
G-fZt : £<DftmsfBM&tlZ> (Cajot, J.F. et al., Proc. Natl. Acad. Sci. 
USA 87:6939-6943, 1990; Baker, M.S. et al. , Cancer Res. 50:4676-4684, 199 
0) 0 uPAftMSScDuPAV-fe^^- (uPAR) kti&\*1t#M-£ft%1'&Z.k1fi"C 

1^5 (Tanaka, N. et al. , Int. J. Cancer 48:481-484, 1991; Boyd, D. et al. 
, Cancer Res. 48: 3112-3116, 1988; Hollas, W. et al. , Cancer Res. 51: 369 
0-3695, 1991; Correc, P. et al., Int. J. Cancer 50: 767-771, 1992; Ohkosh 
i, M. et al. , J. Natl. Cancer Inst. 71: 1053-1057, 1983; Sakaki, Y. et al 
., 17: 1815-1821, 1985) 0 

uPA, tPAO§J^fiB^IfcoV^(D^^#< ft£tl/ri^5 (Rijken, D.C. et al. 

(1982) J. Biol. Chem. 257, 2920-2925; Wallen, P. et al. (1982) Biochim. 
Biophys. Acta 719, 318-328; Tate, K.M. et al. (1987) Biochemistry 26, 33 
8-343) o 1^*1X^3 substrate IS^JfiVGR (Dooijewaard, G. , and KL 

UFT, C. (1983) Adv. Exp. Med. Biol. 156, 115-120) t s Substrate S-2288 (I 
le-Pro-Arg) (Matsuo, 0. et al. (1983) Jpn. J. Physiol. 33, 1031-1037) X 
fc5o Butenasfi54amoMS®^MVNX, tPA^«#||tt©ii^IEJlJ<l:Ji 
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^ L (Butehas, S. et al. (1997) Biochemistry 36, 2123-2131) N FPR, VPRtf 

So 

nny^t-f (^fftiOSttitrS) mZmMk-tZZT-y^B (Sloane, 
B.F., Semin. Cancer Biol. 1:137-152, 1990) % 3:7*5^ ^nf^D^y 

v^L (Kane, S. E. and Gottesman, M.M. , Semin. Cancer Biol. 1:127-136, 199 
0) x fO!|C, 7^=>\ 7^7*o^^f^ T^pWU*^ tjx-^v-vb^ 
itfL (») SrSW^-tS^xy^D (Rochefort, H. , Semin. Cancer Biol 
. 1:153-160, 1990) ft^^f btbSo 7JX^^^B*3im,«#{CfL^l^ (Sp 
yratos, F. et al. , Lancet ii: 1115-1118, 1989; Lah, T.T. et al. , Int. J. 
Cancer 50 : 36-44, 1992) % t^MTJ^W— 7 (Shuja, S. et al. , Int. J. C 
ancer 49: 341-346, 1991) HSiLTSS 9 > Pl^H^t O^O^O^^O 

M'\t^t(Dm^-~h^^flX^^6 (Sloane, B.F., Semin. Cancer Biol. 1:137-1 
52, 1990; Kane, S.E. and Gottesman, M.M. , Semin. Cancer Biol. 1:127-136, 
1990) o 



^ $ v /PfT- £ (metalloproteinase) fiZnft if (D&mTzM^ts&MMM 

•^-if^^^^tbTV^So ECM^^i-S^^n^nxT— fe^LTfi. 16« 
MS^-t^^h]) y^^^^^Zfn'rT—^ (matrtix metalloproteinase; MMP) 
tfSf&#£;iVCl^S. ft^^MMPi LT{±, tf-l N 2, 3 (MMP-1, 8. 13 

) N B (MMP-2, 9) % 7ha^7^^U 2, 3 (MMP-3, 10 N 11 

) „ ThV^^^ (MMP-7) , ffleH^ta^P^T— i? (MT1-MMP, MT2H1IP) ft 
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5„ (latent MMP£fcftProMMP^ ?) fc LT^^tk »^ 

t bf "Cfe^tissue inhibitor of mettaloproteinases (TIMP) Ciotffitt 

Jt©*-C3 7^-^ (collagenase) (MMP-1, 8, 13) tt % 

-efcsi, ii, niSl=9-^^5^*W»W*Mfc-e9J»fi-5. (gel 

atinase) Wu if —if A (MMP-2) *5 itfif 97"*— ' t?B (MMP-9) ©20©^ 
^•^^^tt-CV^o if7f"^— tfttivsia^^-^— tf£ t>iti*U Sj£«£>£ 

&#fi?1~5o XYvtJJiSy (stromelysin) (MMP-3, 10) tiiSV^SSttSr^" 
L N ^pWH*^ His IV. IXgJrny— y;/, 7 4?***^ 

3&if*5W»1-5o Y V (matrilysin) (MMP-7) fc s ^^rV^ 

*5«trjtai9^^^m*ht-5^W!lfiHt^*V> 0 Hi^aynrT-f (membrane- 
type MMP; MT-MMP) (MT1, 2, 3, 4, 5, 6-MMP) fiJ^ii«i££koMMP-efc5 0 
MT-MMPfix ^i3-<^KK^-r^tf£ttWorat#Aia^J GRjlOTS/lfc) St 
3M"3o AiH^iJf* Arg-Xaa-Lys-Arg (Xaaftftf «r£3K ftlft 

te{fc£*t5 0 MT-MMP^UT», MT1-MMP (MMP-14) % MT2-MMP (MMP-15) % MT3-MMP 
(MMP-16) , MT4-MMP (MMP-17) , MT5-MMP (MMP-23) , jSitf MT-6-MMP (MMP-25 
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) fc£#*ne>*U «*.tfKrHMPttI, II, IIl£!=*9— lfT3-MMPttIHM= 
3 7^M (MMP-1) «^«o^pi;:lif^L-C:fc^ ^M^^ofgfti/ 

^/W#i©l£te£ ; i : Bllll-'"0^ (Wooley, D.E., Cancer Metastasis Rev. 3: 361-3 
72, 1984; Tarin, D. et al. , Br. J. Cancer 46: 266-278, 1982) 0 $.tc. 9 A 

zfiv^yf-r— t? (mmp-2, mmp-9) \*m* te±fc&^m^xm&t$mmt<D 

WttzM^faMM&fthZ (Liotta, L.A. and Stetler-Stevenson, W.G. , Semin. 
Cancer Biol. 1:99-106, 1990; Nakajima, M. 10: 246-255, 1992) 0 

*tc s ^hn^^fw (mmp-3) h&mvi-fc&mmvmmkKtemLx^zz 

ir^&Jktl/Tl^ (Matrisian, L.M. and Bowden, G.T., Semi. Cancer Biol, l: 
107-115, 1990) o ^hn^7^^-3 (MMP-11) li|L*i*5 £TttBU&t£ iffc*^ 
Ti^fi^m^ft-CV^ (Basset, T. et al. , Nature 348 : 699-704, 1990; P 
orte, H. et al. , Clin. Exp. Metastasis 10 (Suppl. 1) : 114, 1992) 0 

wommsKti. &m%Rt>tix^%o mp^^^m-t^mnwrntLXPLGui 

AR (Bickett, D.M. et al. (1993) Anal. Biochem. 212, 58-64) „ GPLGMRGL (De 
ng, S.J. et al. (2000) J. Biol. Chem. 275, 31422-31427) „ PQGLEAK (Beekma 
n, B. et al. (1996) FEBS Lett. 390, 221-225) „ RPKPVEWREAK (Beekman, B. e 
t al. (1997) FEBS Lett. 418, 305-309) , PLALWAR (Jacobsen, E. J. et al. (1 
999) J. Med. Chem. 42, 1525-1536) #fcS„ MMP-2, 9<DftfflMWk LTPLGMWS 
(Netzel-Arnett, S. et al. (1991) Anal. Biochem. 195, 86-92) ^PLGLG (Wei 
ngarten, H. et al. (1985) Biochemistry 24, 6730-6734) 1£foZ>o 
Mc&^ phage-displayed peptide library screening {CjZoTx MMP9 (Kridel, 
S. J. et al. (2001) J. Biol. Chem. 276, 20572-20578) , MMP2 (Chen, E. I. e 
t al. (2002) J. Biol. Chem. 277, 4485-4491) , MT1-MMP (Kridel, S.J. et al 
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. (2002) J. Biol. Chem. In JBC Papers in Press, April 16, 2002, Manuscrip 
t M111574200) Ktt1rZ>5mmm&WmbfrKi$nX^Z>o ZtlbOtkX?. 
#/£ £ titc T % J Mft£$l % 3 OOMMP KttiT Z> ftMi£<V^MK i. o T4oO ?Ar- 
-7\ZftM£tlX^Z> 0 Group IV^MTl-MMP{C#^^^^^tb5iB^JT\ ArgtDft 
V^J^UTVFSIPL, IKYHSOISWMMP9, miSP2X^MX^-fm-mPX(D^^mX 

Mx.lt, mtP9<Dtyffim&\kLX\*^ Pro-X-X-Hy (Xteffit^S, Hy«7k'l4^ 
SSrSH") ^#{fe>n, #£Pro-X-X-Hy-(Ser/Thr) #ff*LV\ iO^fWt^tt 
% Pro-Arg-(Ser/Thr)-Hy-(Ser/Thr)^^^#5 (X-HyBgi?§]»f^jgt 5) . Hy 

(BfcdcffiSg) tLTfi, rtLfefclWfeStl/J&VN^ #lxJfLeu. Val, Tyr. He 
, Phe N Trp, MetjWtf &jft*o *>3VM4 % ZtlMft<D®mmM*>n'fe£ftX&*) 

(#R{^T<£:fc$^Group I, II, IIIA, IIIB Kridel, S.J. et al. ( 

2001) J. Biol. Chem. 276, 20572-20578) » i*Lb<£>FTMtf>BE?!l£;BV^ £ t # 
■CtSo *fcMMP2(3:PU-C^±IBOPro-X-X-Hy-efco-CJ;<v <fetet>% (He/Leu 
)-X-X-Hy, Hy-Ser-X-Leu N His-X-X-Hyft if 5 («x.«OT®^©€ro 
up I, II, III, IV Chen, E.I. et al. (2002) J. Biol. Chem. 277, 44 

85-4491) o MMP-7, MMP-1, MMP-2, MMP-9 S MMP-3, MT1-MMP (MMP-14) Sr^tpMMP 

2. (Turk, B. E. et al. , Nature Biotech. 19, 661-667 (2001) ; Woessner, J. F. 

and Nagase, H. Matrix metalloproteinases and TIMPs. (Oxford Iniversity P 
ress, Oxford, UK, 2000); Fernandez-Patron, C. et al. , Circ. Res. 85: 906- 
911, 1999; Nakamura, H. et al. , J. Biol. Chem. ' 275 : 38885-38890, 2000; Mc 
Quibban, G. A. et al. , Science 289: 1202-1206, 2000; Sasaki, T. et al. , J. 

Biol. Chem. 272: 9237-9243, 1997) „ m^tf®WmL<»ST 5 J M P4-P3-P2-P 

i- P1 '-P2'-p3'-P4' (pi-pi' mxmmtstiz) xm^-nrm. wp-m vpms-mrgg 
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% m-m RPFS-MIMG, MMP-7ttVPLS-LTMG, MTl-MMPfilPES-LRAG f£}?frm? £>ft 
S^ftkfcM&ft&V^ MMP-8 K tXM X. ffPLAYWAR (Nezel-Amett, S. et al. , 
Anal. Biochem. 195: 86, 1991) &mf htlZo MMPO^&ggteil* ft 
X^mX'hV, itlbcDSH^JSrit^-rS^tt-etS (09*.tf Calbiochem 3£ 
MtR ^^a^, Merk, <D& MMP Substrate M) 0 

i-^Vi-r—^ (MMP-2 S -9) &W£X*&Z>Zt&%lbflX^Z>o MMP-2&, MT 
l-MMP^J;5pro-MMP-20^if^<J:^S^$n5o t^yMMOJSttflSttts uPA 
t i ^) ^77 5 ^ ^< bft* proMMP-3£?£teft;U a 

ctive MMP-3^proMMP-9^Stt^i-2.SS&^ s « U COgS&ii^O^^M^-U 

n t »tlt*fc5„ 5 ft^ttfr^ £ LTte, mmp-2, mmp-9 

% uPA. MMP-3, &J;tf lifTl-MMP i>m*f £>*U #^MMP-2. MMP-9, uPA^# 
BrftHfc&T* 3*=* h C £ #0* LV\ -<£>fc«>K:{4% t % i (^Trypsin 

%x%>z> 0 Fm&m&mm^x£zzFmnmm$!ittT&<vT^/mte. mmwm 
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%}m'&<DFmycmjm&, m^mmB^oFim^mM^tm- t^zz? \m 

o Mx.tt*mW\Z.&^T, afc3EFaeW©Fl»fJt«)N5fejftfc Met-Thr-Ser (fB?IJ# 
■§-: 1) £tf#DLT%s MMP^J:5^W^^a:r^^©*BiaB^^RJES*S|W 
Ssh/ftV^ £##33 tfc 0 ^ot, -^JK^OFlcDN^t Met-Thr-Ser *fctt^r 

tLftWal^0>U&. Thr{J:MbTfiSer^fc(iAla^<7>g^ Ser^MLTfiAla, A 

fiPro-Leu/Gln-Gly (|5?iJ#-§- : 2) £^ifIS?lJ£r#lf 5 i 5 0 iOlB^J 

fit* L-CflJJS&tbTV^-^^ (Netzel-Arnett, S. et al., Anal. Bio 

chem. 195, 86-92 (1991)) K&momWXh 9 , iOSBW, «L7tF^6fC 

^iff^^F2^oc^ic^5<t9^F^eK^tt-r5 0 zotcmat, 

mFm&M<D®M&OF2m)iOCm$b<DT$. ym^t^mm^. Pro-Leu/Gln-Gly£ 
^/^{Cta^i-SgH^J^iil:^^^^ Pro-Leu/Gln-{;iy£#A-rS ("T^^g 
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-i?Kl «t 3 i r«Ritt^OiaSaS|»SF £ ixfc V MR 9 * Pro-Leu/Gln-GlyOTifc 

*>r jv* ©fs * jf&iav vt sa«^i fi»t »as ft*'*-!*— u 

<$Kftt.V<tes Pro-Leu/Gln-Gly-Met-Thr-Ser (E^J#"§- : 3) „ Pro-L 
eu/Gln-Gly-Met-Thr (E?!l## : 4) «Sr£triffiW#*rf btbSo Met, Thr. 
tfSerte, I©7^/»#«lffeUttj:V\ £9#*IXHU 
43VN-CC«t^-5T5y^G)N*^^M^-f-5 1-10^^ ^>J^fi Is 2, 3 
, 4, 5, &&tt68B£#* Pro-Leu/Gln-Gly-Met-Thr-Ser, *fctt Pro-Leu/Gln-Gl 
y-Met-Thr ^ b * S SB^J fcg& * *ifc«FM 6 ff£#* L V ^ 6 St LT #»f 5 

Wt*V^rF2«^©C*4T$/»K:tta«E?y (»£5»»K:«: 113 Pr 
o-Gln-Ser-Arg 116 1 ) (SB^J#-^:5) ^Pro-Leu/Gln-Gly-Met-Thr-Ser^ iffcg 

fflLT^/Wfr*VCV^ (Turk, B.E. et al., Nature Biotech. 19, 661-667 
(2001)) o £fc, *BUCV5liMP-2 (Chen, E.I. et al. , J. Biol. Chem. 277( 
6) 4485-4491 (2002)) RXMSP-9 (Kridel, S.J. et al. , J. Biol. Chem. 276(8 
) 20572-20578 (2001)) fcoV>T 1>Sil*»tTfctL, <j#klMMP-9|COV^ Pr 
o-X-X-Hy-(Ser/Thr)©P3^feP2' (P3-P2-P1-P1' -P2' ; isa$rf£Pl-Pl' fflX-feZ. S) 
^T*©3^-fe^f-^SE^iJ (X= ^TOaS, Hy=5fcRtta^) #«1£*i/tl^ 0 
-©=»V-t^ih^|H3?iif^ MMP-2^oV^T^$tbTV^%0©— O (Pro-X-X-Hy 
) fcfc^grfS©-^ MMP-2S^»-9(cov^-c#^^4^W•rfc^^)^^:^i^v^7 ^ 1f^ 
y©— o7»*>Si#*.btl/So _bfB#I^LfcgE?iJ (Pro-Leu/Gln-G 

ly-Met-Thr-Ser* ft fiPro-Leu/Gln-Gly-Met-Thr) tt&lt LV £ VX%W &tlZ> 
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o -tt£t>%* FMfiK^S§Rfi[(tPro-X-X-Hy-Thr/Ser N £ fcmff* L< «Pr6-X-X- 
Hr-Thr/Ser-Thr/Ser^t>^J^»*bV^ ( a Thr/Ser" t4Thr*fcttSer©if^fe 
*>Sr*i-) o #Rfc£, Pro-X-X-Hy-Thr/Ser^^T^*fe3fcV^Pro-Leu-Gly-Leu-Tr 
p-Ala*3«tTJ«Pro-Glir-Gly-Uu-Tyr-Ala«:^*U< (HI 4 4) 0 Pro-X-X-Hy-Th 

l-Gly-Arg Sr^tffiaW##»ffe*b*. £©Eai#, &£LfcFg&St«r§J»r&©F2 

»T^OF2»fitcDC*iSOT5:y^^tp|B^I^, Val-Gly-Arg : 6) Sr 

*^N5lC^I«0t3iS»i"5 l~lb£2S, 09;ifi L 2, 3, 4 X 5, £fctt6»£& Val- 
Gly-Arg *fcttitLSr^tfSWU:©ft$^gfi:3EF»esrS:»* Li^aefffc LT 

Fge«K:*5V^F2Wf^©c*3r$yifeK:ftSi-SBB5?!l (ft^iS^AM^icti 11 

4 Gln-Ser-Arg 116 1 ) GBW* : 7 ) ^Val-Gly-Arg{c4^ LfcFg 6 Jf 
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&m*^i-mt>*^-rz>o z<Dm&m*nmvxs ^©^077-^™ 

HNjiHS^ £^^Ufcadenovirus vector (Galanis, E. et al. , Hum. Gene Ther. 

12, 811-821 (2001)) <DF«wi!i*-e»Ri-«^o^r*-*-e8S«-t-*gaEFa 

&F, HNSe-C^a-K^W^bi-SW^fc (Spiegel, M. et al., J Virol. 72 ( 
6) 5296-5302 (1998)) % *:©8Bgi§gfc::i3V^-<\ *T?385l'f"S7 p » 3 ^T-*T?H 

y^v(^0fi~28R i9»*U<ttl~27fi. £«?#3;L<te4~270tf>7$:/^ 
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ISSii(ra)««©c*ftK!!l*^fcS (H4 2#fi8) . M^tfx »KKy-rvtL 
T6~20{S. J:0$f£L<ttlO~16^ «t5»*b<H:13~15fi©T5yifeS:#t- 
SFSS©fi % »«F»eilfc)fc^(r»|i:j«VMNlft»^IB«r^. tot, ^J14 

Sf©C5|dffiO10T 5 y KS-fctt-tftfiU^ i L< t±15T 5 y«*fc 

±, i!)#*b<tt20T$/»*fcW:**iei±s «k»)#*L<tt:257$yil*fc 
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: 8 0) tM^L7cj;5^^y^7 p ^K^V^5r<^^•T?t6 0 

— 0>4§£>B\ #| £ ffCAGT 0 cr * — (-[7 £ r^y^B^— * — £CM 
t<0*c* =7? (Niwa, H. et al. (1991) Gene. 108: 
193-199) -f£}£<Dm3t£-7**~-9-*m.3t.&t>ikZ>Z. t»tLV\ 
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©tfSRtt, I^SbO^fe^itWi, (Miyakek, 1996. Proc. Natl. Acad. S 
ci. USA, 93#, 1320-24H ;Kanegaeb. 1996, Acta Paediatr. Jpn, 38#, 182-1 
88H;M^rIb, /M^=^T/^y-X4-itfe^Ai^m • 1994 
, 43-58H, &±t±;MlriLb. 1994, *M&l¥, 13#, 8-§\ 757-763M) fcf£o 
T«3t1-5i^^T?t6o Wil^hnWW^ (Jfcfcbx 1995 

, 93ff0Hmft. 40$ A 2508-2513H) , ^i^Tf/ fit#^-f 9*- ( 
i^fe, 1995, teWII, 40#, 2532-2538H) fc£t>x ^O^fe^J: t) 

#^2p6-502069, ^¥6-95937, #4^6-71429#S£p btlTl^o ffiift^lfn 
— v ?-fWX <Sr«1-5^1£ t Ltfi#^¥6-34727, #^^6-505626^^ ^tl/T 
v^ Q m^rx/Bi#^'r/^trl83t-t--5^i tT«, « ¥5-308975 35ft 

^ax-cv^. a^r^y v^^zmtrh^mk lt«, #^¥6-508039^ 
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y^-v«t^^-5MS6^#JlcH-r5-t^^^^/v^ (SeV) ^fifeo^-t- 

^^RNA!>W/^{-*5^6^^io-C%^#^tt5 0 #Rfcfx vesicular stomat 
itis virus (VSV) ^mm&(0&S6&<D&T*V>(A'XfflgL : 1- (VLP: virus like p 
article) <D%WlWB&&tlXi3Q (Justice, P. A. et al., J. Virol. 69; 315 
6-3160 (1995)) „ ^Parainfluenza vinis©#£*>Ma&©*©!lt*^VLP^ 
£C££fcj&S*R*§;iVCl*5 (Coronel, E.C. et al. , J. Virol. 73; 7035-7038 
(1999)) „ £©J:5fcMjte^WVLP^fcfc§8LTW\ tT^t^iRNA 
$ ■< ^XX*m&&ftX^Z>MX'lZt£^-t)k m&&¥ y ^^©corefcftoT 
V^S^fctt:, "7 0RNA ^ /W* T**il LT 5 fgJis-f 3 £ £ £ 5 (Ga 
roff, H. et al., Microbiol. Mol. Biol. Rev. 62; 1171-1190 (1998)) „ 

^ir^T?#5 0 lfy^^fife©#iftS©f*lBJ!SISi±©y try K77h (Lipid r 
afts) £H¥k£tb-Cl^J§ (Simons, K. and Ikonen, E. Nature 387; 569-572 (19 
97) ) tffc 0 , 55* ^Triton X-100© <£ 5 fc#>T *:H£#®«ti#JCT&te©llBfC 
M^^tTH^^nfc: (Brown, D.A. and Rose, J.K. Cell 68; 533-544 (1992) 
) 0 yfy^/V^-f tJ/ls* (Ali, A. et al. , J. Virol. 74; 8709-8719 (2000 
)) „ M&V'lA'* (Measles virus; MeV : Manie, S.N. et al. , J. Virol. 74; 
305-311 (2000)) RXfSeV (Ali, A. and Nayak, D.P. Virology" 276; 289-303 (2 
000) ) mX U fc° y 7 V (Lipid rafts) T?© fc* y ^^J^EE * tU"C*5 t» x 
^^-CMSfifi^^C— T^Sfi (spike^S<b%^iB^tb5) ^ibonucleoprote 
in (RNP) Sr»ttblfy*^J«*li5ttS^ BPfcfrWVKfcTir^y t (bu 
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dding) (DmBijlhftoX^ZbttbM (Cathomen, T. et al. , EMBO J. 17; 

3899-3908 (1998), Mebatsion, T. et al. , J. Virol. 73; 242-250 (1999)) . 
HKHC* MS 6 ftspikeg 6 ©cytoplasmic tail bffcfrt* £ ttK jvy/V^S 
•if^/V* (Zhang, J. et al. , J. Virol. 74; 4634-4644 (2000)) &tfSeV (Sa 
nderson, CM. et al., J. Virol. 67; 651-663 (1993)) *$X'7fi&tlX&*) . $. 
ttmt(0^^-h^>y^=^'yf tW^X (Ruigrok, R.W. et al., Virology 173 
; 311-316 (1989)) V^/V^yif^-f/^R-T^SeV (Coronel, E.C. et 

al., J. Virol. 75; 1117-1123 (2001)) mX^ZtlX^Zo Xfcs M^6S#© 
^-]) ^^©M-^-^SeV (Heggeness, M.H. et al., Proc. Natl. Acad. Sci. U 

SA 79; 6232-6236 (1982) Pftlfc^-f (Vesicular Stomatitis Vir 

us; VSV:Gaudin, Y. et al., Virology 206; 28-37 (1995), Gaudin, Y. et al. 
, J. Mol. Biol. 274; 816-825 (1997)) mxm^Ztl. Zftb&<<DV << ^ 3 

£fc, a^ct-^aa (spikeS6) (-MUT'fe^t^OVLPfefctl^J^ 

t£m&k\sX&TF<D$&kW#$>&o WtMtJfr* (Rabies virus; RV) <DW& 
s (&&X^fc&^XWJP&f&&l/MZ.WJ>l, (Mebatsion, T. et al. , Cell 84 
; 941-951 (1996)) x y«efc3l^fc:*5V^TW:l/500, OOOOT^^bfc t%L&£ 
tlX^Z (Mebatsion, T. et al., J. Virol. 73; 242-250 (1999)) . */tu Jft 

(MeV) <DW&s MSe^^M^-*5V^-Ccell-to-cellOi!il^Jt^tL (C 
athomen, T. et al. , EMBO J. 17; 3899-3908 (1998)) , ZtU$t? V 
&M£frft&X&Zk%Z.5Zh&X'%Z> (Li, Z. etal., J. Virol. 72(5), 3 
789-3795 (1998)) . £fc, Elt^ltejuiaWV^ttHg 6 ©cytoplasmic tail ( 
UU%M(OT—M <D^m\Z-£^Xh£VX^Z> (Cathomen, T. et al. , J. Vir 
ol. 72; 1224-1234 (1998)) 0 ftot, F&irJVI^SHNS 6 ©cytoplasmic tai 
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Stoats -it-io, %&j&j&*toM1rz> r. t h 

ft5„ <&U ^SeVlC&V^teF^&M (W000/70070) Hg^fiHN^M (Stricke 
r, R. andRoux, L. , J. Gen. Virol. 72; 1703-1707 (1991)) K%>\^X&<<DW. 

5. SeV<DFS.tmr^«^«oTV^6P^ (BP^>^#^K:#£L WSPfl 
) , Ztl^tb (FRXfW) ^Cytoplasmic tail^MUfi t^LTV^i b#&£ 
ftTV^ (Sanderson, CM. et al., J. Virol. 67; 651-663 (1993), Sanderson 
, CM. et al., J. Virol. 68; 69-76 (1994)) 0 fiP^s ^ V *y : f&J&<DmXhZ 
nm±<DV \*y Y7? Y (Lipid Rafts) ^m&&%}^&)fcMfflL£tlZtz.#>fc 
tt. F&t>HNtf>Cytoplasmic tail t om^M^Xh 0 . M^ete«ffiC#£L 

w\ m^m%w ! mistbtctt&$:m^xm&K*Pk&u ^m^-v-msm 

t So X V *V»J*©# <t ?£%)<D tefflfam±<D Dt°5'K77h (Lipid rafts) £ 
ffimtV^itfc <9 % Triton X-100© «t 9 !te*>r ^^ttJ^BiiaH^BlR^ttt© 

mnmftx&Zo iisasttspikese, mRmm^n^KmrnttD^m 
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fit, W^tftlHH^ttK:** («^«W^«*fctt**iOT©Wt) i^Ttt 

irtgtSttcfctf Stt^*^** t < ttl/S&T* <t "9 » * L < tel/10^T, «fc 
«J»*U<ttl/30|JJlTx J:9»*L<H:l/50WTs iO»*U< H:l/100OTx i 
9^L<m/300^T> £90£L<m/5OO^T«TL-C^6 o #3PJ<D-< 
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o 

&7t % £>f /V*0>7JtifiWU 0fl*.tfCIU (Cell-Infected Unit) $!]£3;fcte#JfoJfc 
^*Stt (HA) £1" 5 £ t K «fc «? 5 CI t S (WOOO/70070 ; Kato, A 

. et al., 1996, Genes Cells l: 569-579; Yonemitsu, Y. & Kaneda, Y., Hemag 
gulutinating virus of Japan-liposome-mediated gene delivery to vascular c 
ells. Ed. by Baker AH. Molecular Biology of Vascular Diseases. Method in 
Molecular Medicine: Humana Press: pp. 295-306, 1999) <, t.tc s 

ri^-e§6 (wooo/70070) . «^tf«>>r^ttW^*^*Rr*tt©*>*R«' 

(VLP^) O^ffitt, '9Sj^ff!J^7rc^^3>'^^VNfch7^7^^ 
Vayiatlftp^t^tS. =ft##Jl-tt\ #I;U3D0SPER Liposomal Transfec 
t ion Reagent (Roche, Basel, Switzerland; Cat No. 1811169) <SrfflVvtf?5w 
b&-V%Z> 0 £^*^£^frfe^f*^£&Vv^ lOO/Uf-DOSPER 12.5/il 

tei5&fcfc£aL*#fe h7^7s^Vayf5. 2B&tefifti»^©*rt!l&tfc 
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tf^^fctt^tt&W (pH 6.5-7.5) % 37tU 5%C0 2 . as$£T©#iaR& 

doss of function) o^mmnz^TtK h^nm^^x^^-r^ 
mzn o o wzitwvxfemmftm t ^ if ntc\*±< ikt>hz>tK 

z.bftx%Z> 0 MMm^^Mmti-i, (#J;U332 e c) fcjfc^ AS. (09*.tf3 
T (Mx.«32°C) "CttUBJ&aRBoO^fc^U ^^xtt^fcJftfcS**^ 

am©iti-»rt©?as (3m T?tt^tt^3fe*>*b«>^A'^«t J f-*»rirt-5-^ 

sim^^^-b:* iasst#«tB-c#s*#, -r^^^fp^ft-e^^^- 
^LTSBtbfc^-r/v^^Wx mnmmrxmgkisitz tm&mmmxz-r 

^!^/W*©MM6®©G69, T116 N *jJ;U«A18336»b**»J:03KR**b*^ft 
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5 y »Gly, Tl 16 £ f*M^ 6 ft© 116$ g ©7 5 J l*Thi\ A183 itMM 6 ® © 183# 
MSeSSr = -K-fS»^ (M3t£^) tt. (-)$W^/V*T*£<^#£*t 

t£&#f-5;i£#fclb;iVCV5 (Garoff, H. etal., Microbiol. Hoi. Biol. Re 
v. 62:117-190 (1998)) „ SeV M®6Sf fc*5V^amphiphilic a -helix fc^ 

fclSftW 5 104-119 (104-KACTDLRITVRRTVRA-119/iH^iJ#-^ : 4 5) tttSiH^/fc 
\ZMMt£ffl$t VXW\M£tlX\/^Z> (Genevieve Mottet et al. , J. Gen. Virol. 
80:2977-2986 (1999)) *K ?!ittfi^tt<-)*^!M/V*W-C&< ft#£*l/tV 

5 0 mbWom /n@a»(-)^RNA^^-c®^bT*5!9 » ^ * » 

^^/V^M^^43^T}m^^MMeK{i*iib-C^*^J330~380T 5 /BIA»feft 

Mtt^iSV^ (Gould, A. R. Virus Res. 43:17-31 (1996). Harcourt, B.H. et al 
., Virology 271:334-349 (2000)) 0 lot, 0!lx.fc£ SeV MM6g©G69, T116, 

SeV Mm6fC©G69, T116, RXfihmb*lJ&ir 4 ^Hg&St 
*toi?-^o^A (77^f^^h«i^t©) £fc«CLUSTALW 

(OftmMLt LTW\ human parainfluenza virus-1 (HPIV-1) (»«W) T? 
&*tf;£G69, human parainfluenza virus-3 (HPIV-3) XhtUtG7^ phocine dist 
emper virus (PDV)*5 itfcanine distemper virus (CDV) Xhtl\tG70, dolphin m 
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olbillivirus (\M)X*fotlt£G7U peste-des-petits-ruminants virus (PDPRk m 
easles virus (MVk jo£tfrinderpest virus (m)X*htl\tG70, Hendra virus 
(Hendra) jo .fctftiipah virus (Nipah)-e&;MG8U human parainfluenza virus-2 
(HPIV-2) T:htl\tG70s human parainfluenza virus-4a (HPIV-4a)jo J;tftiuman p 
arainfluenza virus-4b (HPIV-4b)-C&tU£E47, mumps virus (Mumps) Xhfl\tE7 

(Dim\^^i-^UW&UO^m^^t human parainfluenza virus-1 

(HPIV-1) -e&*LfiT116 s human parainfluenza virus-3 (HPIV-3) T?tU3T120 N p ho 
cine distemper virus (PDV) jo^tfcanine distemper virus (CDV) XhflltTlOA 
% dolphin molbillivirus (DMV)T?£>tUiT105 N peste-des-petits-ruminants vir 
us (PDPR), measles virus (MV) jo J; ^rinderpest virus (RPV) "t'&tUf T104, He 
ndra virus (Hendra) jo £tmipah virus (Nipah)l?&;h4fT120 N human parainflu 
enza virus-2 (HPIV-2) jo i tFsimian parainfluenza virus 5 (SV5) "CfetL^T117 
. human parainfluenza virus-4a (HPIV-4a) jo £ Inhuman parainfluenza virus-4 
b (HPIV-4b)-CfejX(^T12U mumps virus (Mumps) Xfotllttl 19. Newcastle disea 
se virus (NDV)-e&tVfiS120^tfe>jX-5o SeV M§fiS©A183(Cfgli-f 5#MM 
^(DfaWl^tiLh LTti, human parainfluenza virus-1 (HPIV-1) "CfeHf^A183 
, human parainfluenza virus-3 (HPIV-3) T*fctV^F187, phocine distemper vir 
us (PDV) jSit^canine distemper virus (CDV)-C*&tUiY171, dolphin molbilliv 
irus (DMV)-e£>j-UfY172, peste-des-petits-ruminants virus (PDPR), measles 
virus (MV)j3iTJ ? rinderpest virus (RPV)-CfcftteY171. Hendra virus (Hendra) 
jSitWipah virus (Nipah) T?fejX^187, human parainfluenza virus-2 (HPIV- 
2) T?£>frteY184 N simian parainfluenza virus 5 (SV5)"Cfc;ft/f3F184, human par 
ainfluenza virus-4a (HPIV-4a) j3 J; Inhuman parainfluenza virus-4b (HPIV-4b) 
-Cfctl/fiF188, mumps virus (Mumps) -C&ft{£F186 N Newcastle disease virus (N 
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/v77=y y^=^ by^h^r^) . jj^fer^yift 

; v77=y> hy^h77^ t^^v) fr£©^v— ^fc^HSW-sr t*s-c 
#5*s x fe^7$;^ov^, je©T5y»36sjRi-«^/v-^r^yi*^ 
©r^ymt-em-rsrtJfcifjos^fbttSo JMfc&fcBu SSttT^ttfc 
jxttx »tt*fctt*tt:T ^ y ffitr 5 y mx-hfrtmmSLT 

**lli:|Wfe£ftfcV\ Wtfi-fe^^^^/V^MS&gtCdSttS G69E. T116A 

, m&ww9m % (or ^ ;miytfGiu\z.w&& fttcMM, mskt^ m&w<o 

U6#@^T^y^Thr^Ala{Igm^tlfc^ms A183S£te, M§6fCtf>183#@© 
T$ylfeAlad$SerH:itJfc$*vfc^Sr*5. 1"ftfr*>. 
fC©G69. T116. ^J:t/A183fe6VN«te<D>7-r/^M|ie®Oti^TO^, 
ftGlu (Eh Ala (A), *5it^er (S) HWfc-fS £. S e 
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mx-iffa® 1 ? J frx\z.&^x\±, m&o*;?n— t^fofcKttlrZ^ 

ifh— :/;5^tLTV^^lggttlfctf>P253-5()5 (Morikawa, Y. et al. , Kitasa 
to Arch. Exp. Med. ,64; 15-30 (1991)) ©Mit^SH^J^fflV^ % *V\, £fc, S 
eV M^e«OH6# g <DThr^)Si-6» ? -f /V-^M^6®^104# g ©Thr, ^fc 
^A^^^^/V^©M^e®0119#g^Thr^{iil©T5/^ (^IxJfAla) 

K>-^ISH-r^-t^X*§S (WOOO/09700) o *|§BJ(7)-<^^-«, 
#3§PJtfV<y *-£$^-f St-tex ^'7 ^ ^ y *?4frWf/ J*RNA£^tfRNP 

< N fc6V^^7V^$( (^-f^seS^r^-Ki-S-fey^) 
T*>, !7^/v^RNP5rS«^i-^C«!:^X'#6o ^^©^J&£»£it5& Si- 
te, #£L<tetf^x^:y0££j&£-£5o RNA^fi, ^<7)!7-r/v^^/Ai: 
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t ltt7 rnatk v * v— Mmwm^m u ^ERNA# v * 7— \£%mmfox*?m 

#m V ^if 4 A&=-R£-£-t*53\ -Y ]E5t (313' #30 9 ffi £ 

tL5«fc5K:i-5Cfc^t?tS (Hasan, M. K. et al. , J. Gen. Virol. 78: 2813- 

2820, 1997. Kato, A. et al., 1997, EMBO J. 16: 578-587 Tk& Yu, D. et al. 
, 1997, Genes Cells 2: 457-466) „ 

- £ iet^F*^*i"5^/ at? « % zoxfrnm^? 
waa^i&^s* v^ws^f ^p^yw bittfeiv^ 

M^fML^^M^Wfc^m.^^ ^ ^^m>\t s Hasan, M. K. et al. , J 
. Gen. Virol. 78: 2813-2820, 1997, Kato, A. et al., 1997, EMBO J. 16: 57 
8-587 RTf Yu, D. et al. , 1997, Genes Cells 2: 457-466©Rit$?fc:2PC"C\ 

K^^fflS-f^o DNAtm^. 25ng/Mm±«^r'«^U]^(e:m-©^7^5 
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jBvvt, 3-^5T$yiffla?iJ*a5fl2***V^5fc4fiaEK?!I*8feSfEU NotI 
K&M<D 2 SX±.<DJZ ? vJr*$- K 0J* L < »GCG*5 J;tJ«GCC* ifONotimM^S 

^»gcggccgc^» u § b fc*©3' mii*"*-?— la^ij t vx&&<d 9 % 

tcit 9 (C 6 Ofg|&£jta&fcifc<£&&£tt#n U * b fc^fltt' {RiJ(C^fM^cDNA 
£>Bi*&= KVATG^b :i;ft£ra «>TORF<7)Jft25t£StlS©^'JS:#*n VtcMMkir 
S. *«©«QEttG*fcttCfc fcS «fc 5 |tK9fa©cDNA35>b 
KH^J**!? ^DNA©3' £ £ Ll\, 

U ^-*{8fl#$DNAlB?lJte5' » bffit© 2 £l±tf>;* * Vitf- K C$3 1 * U < &GC 

CTT) £SftU ^©3't!i{CNotira§|5figcggccgc^#*L. * b^<£>3' {ffilfcg 

ifiSftSrKW^S (V\fc»3>$ r6©/l/— /V (rule of six) J ; Kolakofski, D. e 
t al. , J. Virol. 72:891-899, 1998; Calain, P. and Roux, L., J. Virol. 67: 
4822-4830, 1993; Calain, P. and Roux, L. , J. Virol. 67 : 4822-4830, 1993) 
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#■§■: 8) . m^Kom^msMs #*L<r±5'-AAG-3\ eie?ij©*b*i$(ie?ij; m 

*U<«5 , -TTTTTCTTACTACGG-3' <&mt% : 9) , £ £>fc.t©3'fllfcMS©cDNA 

o 

-pBluescript©NotI|flMftfc#A-t-5. #bftfcPCRm^©&ffl?0£V~^^ 
Jt ^NotlT'^D t> W U $V AcDNA^tf 7" 7 * ^ K©NotIgB&|C ^ n -~ 

CT#^i-6-t^T?#5 (Yu, D. et al. , Genes Cells 2 : 457-466, 1997; Ha 
san, M. K. et al. , J. Gen. Virol. 78: 2813-2820, 1997) . m*-t£> NotlfBIR 
KUttSr^rt"518bp©^^— !K- SE?0 (5 , -(G)-CGGCCGCAGATCTTCACG-3') (IB?!!# 
10) ^n-^^ftfciry^^/V*^/ AcDNA (pSeV(+)) ©J7 

— ^ — ga^u t m e ft ©orf t © iw t-#A u ifc ? ^ ^ ©r / ^ 

m (antigenomic strand) **©gBW«y tf^^Mfc**^?* 5 KpSeVl 
8l> (+)£#£ (Hasan, M. K. et al. , 1997, J. General Virology 78: 2813-2820 

) 0 

fc+XmttiLOffimZZOyvX^ K±T*ff 9o g^Afctt* fllfctf QuikChan 
ge™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA) &£"$:flJffiL 
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b <D±^y J>cDNA<DM3H£^ b UWrZ Z.b\z£<9. UStB^M^W^ V 

j/isx?;j»cWA*n%ii-z>zbtfx%?>o mm<Djj&x\ mz-tfF&£wt.tc 
?j arna^=- k-tsdna^ ±mo$J ^xw&^ft&Txmmftxm^z 

*<9 9~<Otf/ ARNA&3- K"f-?)DNA(D^ffl^Mi-6o W^^RNA^^/V^O 
£V AcDNA/5* <D^J&{i<£ft 0#&£*UJ1 LTtT 5 Z.b1$X% <5 (W 

097/16539; W097/16538; Durbin, A. P. et al. , 1997, Virology 235: 323-332; 

Whelan, S. P. et al., 1995, Proc. Natl. Acad. Sci. USA 92: 8388-8392; Sc 
hnell. ML J. et al. , 1994, EMBO J. 13: 4195-4203; Radecke, F. et al., 199 
5, EMBO J. 14: 5773-5784; Lawson, N. D. et al. , Proc. Natl. Acad. Sci. US 
A 92 : 4477-4481; Garcin, D. et al. , 1995, EMBO J. 14 : 6087-6094; Kato, A. 

et al., 1996, Genes Cells 1: 569-579; Baron, M. D. and Barrett, T. , 1997 
, J. Virol. 71: 1265-1271; Bridgen, A. and Elliott, R. M. , 1996, Proc. Na 
tl. Acad. Sci. USA 93: 15400-15404) 0 Ztlb<D%m\Z. £ V % 

is?* iMmufo&v << fr*. wtmtjfl'*. timtj^x. vy? — 

^/W, tlsfj ^^/u^^^^tPV^^-^^RNA^xf/V^^fcfi^-r/V^ 

jM$ftft^jiifi N ( a ) ±fe^7 5: ^ y 9 4 ;v*tf; arna j 7*mwk 
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K©tAfao«t5 0 mb©i>^/^seff© 

®B»©»ja«;i^ dna#w>i btiztm \z.-t&t£% &u&ks*a>x 
z^xmmmzmvzjjfeteif&bZo 

®ttttt, 1* © h7 ^7x^ y^WJiT't 5, ^J^.tfv DOTMA ( 
Roche) x Superfect (QIAGEN #301305) % D0TAP N DOPE, DOSPER (Roche #1811169 
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£*t3^ ^rt^- 1 ^>+^*:^DNA^A6^t^fe^^TV^^ (Graham, F. L. "an 
d Van Der Eb, J., 1973, Virology 52: 456; Wigler, M. and Silverstein, S. , 
1977, Cell 11: 223) . Chenjo itfOkayamaft b 9 T~ ^B<DMMit^ 

WU 1) ffl1fcb&itmV9(0'('y*=>-'<<-i l/al'&WZ 2~4% C0 2 , 35°C. 15~ 
24B#Ha, 2) DNA«il:^iO^CO%(D^tt^< N 3 ) ftiSM^DNAigg 

20~Z0»g/ml<Dt%MMftfcWl&'&btlZ>b®. J gVX\^ (Chen, C. and Oka 
yama, H. , 1987, Mol. Cell. Biol. 7: 2745) 0 ®(D%mte. 
^^Va^jiL-O^o ttDEAE-x^* (Sigma #D-9885 M.W. 5X 

io 5 ) mm^mmoiam^itxmn u v^y^y^v^y^b -%m^ z> 

ltoZ>tcmz?uv*y%Mz-Z>Z.fbX'%Z> (Calos, M. P., 1983, Proc. Natl. 
Acad. Sci. USA 80: 3015) 0 ®<Djjmnm%&Hmk \&&tl%jf&X\ UfaM 

mnm. dna«, mm&&<DMM&ftTx&^b&tix^z> 0 

3oO*f^!) ~(D*X®<D%m$&fc&iei&X&&<Dmfa*%^Xg> 
^O^Sr&ftf 3 - t &X%5<DX\ <<? ?-m$J&<7>fr)?><Dmk<Dlmifa^<DM 
AKit. hyl/X'y^f^zy&MfcMl'X^&o ffilttt Superfect Transfec 
tion Ragent (QIAGEN, Cat No. 301305) „ t.tcit D0SPER Liposomal Transfecti 
on Reagent (Roche, Cat No. 1811169) ri\EV^tb3^ Clftb fcftJRSSft&VN 

o 

24Kfr h 6 im&.Vv 0 ? * fy^A-M fc«100mnK< h V SmX\ . 10% ? V 
MjfiL^(FCS)*5j:tm»K (100 units/ml "t^fV MJ^tflOOM g/ml *h 
VT* h W tr^tr^i&^ifc (MEM) V ^I^WHi* &»*LLC-MK2 
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(5(^100% n ^^/V^c^ HcftS^'Cit^U #lxJ3 l^g/ml psoralen (V7 

uy) wtET mfmmm%2o^^m^mitvits T7 rna^kp vzmu-r 

Z>B&X.Ws~TVJfrXvTFI-3 (Fuerst, T. R. et al. , Proc. Natl. Acad. 
Sci. USA 83: 8122-8126,1986, Kato, A. et al. , Genes Cells l: 569-579, 19 
96) £2 PTO/lH&T?«fe£*3. y7^^^»**3J:tHJVTOW«3ii:P« 
t5iiM«. *3teH*IB«> 2~60/zg, ■J:9ff*b<tt3'-20/ig©tt**. , fe 

^7 * w frxmsnzzmtz??* $ k (o. 5-24 M g<£>pGEM-N x 0. 2 

5~12 m gOpGEM-P, &J:tK).5~24/zgCDpGEM-L) (Kato, A. etal., Genes Cells 

l: 569-579, 1996) t *}£Superf ect (QIAGENtfc) SrJBWfc ]) #7*. ? 
mKXV f7^7x^^3yf5o N, P, *5<fctR£=>— Ki-5»a^^— © 
iJtte 2:1:2 it5-tWtt<, 7°77.$ Kttt> fljx.«l~4/ig©pGHf- 
N, 0. 5~2 m g<DpGBH\ feiU 5 l~4Mg©pfflBM-I^^"T?ii!i3lffi£i"So 

b7^7x^^a ^<Sr*Tofc»3\ BtSII- £ 9 100 ^ g/ml© V 7 7 > t°*yy 
(Sigma) W^F^r^/VK (AraC) „ i «? b< f±40/x g/mlOV 
yT7\?J*sY (AraC) (Sigma) ©3^t?jfc?i^<PMEre^# U !7 7^ 

fcH^|©JEHS»SSr1R)ti-S (Kato, A. et al., 1996, Genes Cells l: 569-579 

) o h7^*:73:**>3 va>fc48~72B#rog£#*^ mm^muu w&mm 

*r 3 MB 9 3gb-ClBja*WB*U*:ax RNP£^tM#^£li£-MK2»fmg h 7 

Mx.it. D0TMA (Roche) x Superfect (QIAGEN #301305) , D0TAP, DOPE, D 
0SPER (Roche #1811169) fcifj&Hi*»f fcftSo aiV Ky-A* W^SrB&Cfc* 
% 7nndr^^rA0x.5^i:%l?t5 (Calos, M. P., 1983, Proc. Natl. Acad. S 
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ci. USA 80: 3015) . RNP/5^A£ft7cttT*te, RNP^b^lM^itte^lg 
MK2«*5itK:V-l». /NA^^-W*5fe©BHK^BIia^<!fO^*«, fc Mil* 

*mmi%s *%w<o^? *xft*t vxm$i-fz>tcfo(Djjm$:mm-$- 

?-ZM&)M&fcmAirZ>Z.hfcX%Z>tcft, MM±<DmmK!$K&foX^Z>o 
6^r*fc<5o -T^^^s ±IBOXS (a) , fe^VNfi±|BXm (a) *5J:tf ( 
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*3j;^^V3.RNA^tpRNP^i|>S$-li:SXS, *5J;tf (ii) ^5»tf>*S 

, (i)/-?7^^y^-r/^^y/-^RNA-efeoT. (a) M^eK^r^-K-rs^ 
/5^^fc(t^br*5!9 N (b) ^leitfcot, mw&n<Dmnn 

mv^frxmttmA&titcmmftxWi?; arna&»h- zmfiza u (2) 

mmmm&szmm.i-zmj&*x*mmtJ^&**umi-z*&^ 
(i) i 5: ^ y off £SiMs e« /cf±^ti £ e ® £3§m-r 3 
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f—te&oyyjj-^^F&ttlM&tiX^xh&^o z.0>£5\&$£S8)at&9 

t. fc ttCre/loxPJfc if©^i(C i £&ftfJI1"<5. Cre/loxPg^ 

K©«iluli, ^Rt^ Cre mky=H/¥1— tf|!lJ;03t^S* 
^*HS 1 $nS«J:5^tf-^tbfc7 P 7^5: KpCALNdlw (Arai, T. et al., J. V 
irology 72, 1998, P 1115-1121) 3 0 MSaSfclS^-Ct 

Lfc^tMb£iXj£jEjfc}ff (FBSK M}^ h V ty-k *5 h 

^h^-f'/y 50Mg/mlSrMtfcMEMT-37t:, 5% CtVCitSH'S. Cre DNAP 

K£\ V V^^/Vi/^i^jfe (mammalian transfection kit (Stratagene) ) 

Mttfx lOcm^u— h&JEi\ 40%3^^/v^^h*-e^Wb/cLLC-MK2M»r: 
10/ig©M»3S^9X$ K&HfASL 10mlO10% FBS*^tfMElfiSififcT % 37^CO 5 
%C0 2 ^y^3.^-^- t f 1 -e24NFTO*'r^o 24B#fffl^fc:«£te#l>x lOnl* 
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llOffll, 10cin^^-W5tfcSrffiV\ 5ml 1&, 2ml 2tt, 0.2ml 2&IOJ$t* G4 
18 (GIBCO-BRL) £1200/* g/ml^t^l0ml<D10%FBS^tfMEM^*^CT^«$r : fTV^, 

i UX#fc6418K:Wtt«r*r3lilfiH:^ n-~^y i^£fflwc 
Wtot&. HJJ&Lfc^ n— :ym0cm7V— bt?=^7/VJ.^ Mcft5*"ett* 

3JflS!^!M A'**^*^*** £ 5 (W003/025570) 0 £©i§£\ F 

it^o^m^^^ Kt>2HI^±h7>'^7ai ; }'v'3 yu FaeitolS^9l 

$L Witf, 7f; ^^^^AxCANCre^^bO^fe (Saito et al., Nucl. Aci 
ds Res. 23: 3816-3821 (1995) ; Aral, T. et al. , J. Virol. 72, 1115-1121 (199 
8)) »*b<tt moi=3 g&T?J«ite£*"CfT5. 
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N, P, *3J:t^LSS«^#4T^RNP^ifMi-^§*"CtJ;v\ 

^0J(C^V^-C^i, ±|B©Xm (i) (M—/WN°-«-trRNP^ii'I^ J &6Xm) 

^BPJ^fel-itt^, *mJWV4/ls*%L*te. mZ-tt 1X10 5 CIU/mL.^± 
s 0^L<« 1X10 6 ClU/nOUu <k9&£L<{i 5X10 6 CIU/mL^±. 
L < « 1 X 10 7 CIU/mL^_h s £ 9 U £ L < & 5 X 10 7 CIU/mL^± N J: I? U < & 

1 X 10 8 CIU/mL£Jl±, £ 9 0* b < ft 5 X 10 8 CIU/mL^±0^lffiT? 

imtiK-IB^^tCi^Sli^i-S-t^-r^S (Kiyotani, K. et al. , Virolo 
gy 177(1), 65-74 (1990); W000/70070) 0 

(a) J i\RNA (7$^j7mT°b*#Tj7mX*h^^ £ = -K-r SDNA& 

f, ^tm^sR) £3§^i-s»-ci£^£-£sxm> (b) tmv&ts 
c ) «^f)»iwiMt5ig, (d) mmft%ozm&mzmfr&* 
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AftlftWi. ^-fLLC-MK2»^ 5X10 6 cells/dish-t?100mm<O^-Y — MCflK 

mils (psoralen) ^ftM^ilt (365nm) T^O^f^S UfcT77K !) ^ 

7 V =HsK*1-> \-V>7 V~T VJAsX (PLWUV-VacT7 : Fuerst, T. 

R. et aL, Proc. Natl. Acad. Sci. USA 83, 8122-8126. (1986)) &M0I 2m^t* 

frSr38^i-53Sm^7 * 5 KSIS ft !> #7 * * a £ JSV vC£ b 
?yX7*? hi~5 0 77X5. K©*JfcW\ flfctfHSfc 6:2:1:2:2:2 fcf 

#-bs 40/ig/mL<£> Cytosine ^-D-arabinofuranoside (AraC : Sigma, St. Louis, 
MO) &tf7.5jUg/mL<DTrypsin (Gibco-BRL, Rockville, MD) Sr^tfMEHTJ^-t" 

§o 24Wi##m, ,m5xio 5 ceiu/ dishht.'oKm^nmmm-^mm ( 

lf/vW<— IrlfU 40jug/mLO AraC&tR 5 jtt g/mLtf>Trypsin£'a tpMEMT* 
3Et2 HlHJSrC-Cftil-t"^ (P0) o £ftk©*MSSrIsJlRU h£2mL/dish 
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<D 3; •IxM^'V^'-jSiJ&K: f7^7x^i/3VU 40 » g/mLO AraC, *5 <£ tfFg S 

) o 3~i4B &mm±.m v-n *k<o,%\ti Ltcu^y<-mmKmm z 

40jug/mL(D AraC*3 < J:tm^DxT---lf^^iL^t^^^V^MEM=l:fflV^32 < C 
-e^*i~-5 (P2) o 3~1 4 B^tfffc^MUTtM^WN-^tSftii^^^ 
x ^nxT— £o«T (Flli^!M/i'*£PiH-5m^) £fcft##£T ( 

F#M^M^^^»^»i-5^) . jk}f£^£^liet£JS^32^-e3~ 

7 b mi%m-tz> (P3) o ^ © i 5 ^s^ss: 3 t> m-t ^ £ ± . 
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wms&\\ mtttite&uft&v << fr* cvsv) ©g^sr (vsv-g) fc£tt#sa 
^y^^/v^^^-^^tbSo - ©*£ & ±.mm£.mm e ir ©#£ * 
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jWtfbtbS (W001/20989) o 

^±©-<^ ^mm^mxirfv^ ^n^nxxm-r^ ^/f^ie«^ 
? ?-<Dm&m**:mfroi&=ix hx£m-tz>^tfrx%z> 0 ^nh<D^4^ 

(Dm*&}ttmtemzmm£hx^z> wmbm, (1993), r#»«%(7)« 

gf^p^^MH, ^W^iBteS^J > J¥^±. *l^> PP. 153-172) o ft 
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ohn-;Vj , ^^/Ufa.-tt, pp. 68-73 (1995)) 0 

urn Ltc v 4 jv^t ? -itrngmmmztez x ? mn-r s - 1 #-ct z> 0 
is^ii7^H^3y mm) , &$*&m. 9 

\mWi kits VAW***—** WStt5^t©^tlt±i^ 

#yf-S>#5M Kflfflla^A'fcJBV^** (#&Bg62-30752#&$8, ^Bg62- 
33879^$SL *3itM^Ba62-30753#&a) , *5j:tf73-*«ffl*£##**5.fc 
tf/*fcfi*©#W&K:!R#£*S#8c (W097/32010) ^^J^-TS-t^TtS 
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*»^©»Biim «WBWWk fcitfltttH*!**^ (RA) 

^tK^ y S'SflHR^s*!** (pbs) ft if-e®l:%^ b-Gfijfcft t « - 
xmmxhZo 
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10" CIU/ml % <fc 9 & £ L < ii&)10 7 ClU/ml^bj&lO 9 ClU/ml, SWlfc b < X 
10 8 CIU/mia>b^5X 10 s CWmiOffimftOtZM¥±m&^M%&Vf*~?&l*-rZ> 

2xio 5 ciu~ 2xio 10 cium^<s gts-mm*. iut,tc\m>m±. 
•r^^s 7^fs *ih*\ tys? % -r^^if^T©ni?Liii^^^^5o 

imsratf, ^<Dmm^m^m-r^o un&®irzM&<DmxmcMftMBm<D 

-(ompk**-*— tztcftiD-?-*— m.& i f'X*h<oxh£<s h^^-i^ois 
^eofi^wbtbSo ^mwo^tf-te. ^<D%m (in vivo) 
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M^taA-TSF^ (ex vivo) &J*K£<OmK& J *-f%Z.b&X*% 5<> 
Siftif) dS*ffbtl5. L*>U SH^fcfcV^fcMMP, uPA, WAftZO^nT 
©III, ivffloJlfr*^ WW*©* 9 /— r©«3»K:3iALfcrt#*«iK: t 5 tti 

—A&7F-f-|aT?fc5o 

ffl 3 fi % SeV18+/ A F-GFP^V N f4SeV18+/MtsHNts A F-GFPtr x FS6 fctftHBS^t" 
Um (LLC-MK2/F7/A) WfiSfeU ZMfrWRmrCX 6 B |B#£$<DGFP3& 

H4ii> SeV-FafSSriWIISBa-rSM (LLC-MK2/F7/A) Hl-OV^C, 32 t Cj§feW* 
37t:TnrypsinRt;Jk^^*.*V^MM^^U^^^^:F^e<D||^ 1 i:^^Western- 

@5(J, LLC-MK2»{dSeV18+GFP, SeV18+/ AF-GFP^iV N ("iSeV18+/MtsHNts AF-G 
FPSrm. o. i. L32 < C, 37 < C]£VM3:38 c C-a&* L 3 P *OGFP«a«r»i-«tt 

®6r±* LLC-MK2Mt-SeV18-K}FP, SeV18+/ A F-GFPlfeV M±SeV18+/MtsHNts AF-G 
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FP£m. o. i. 3X*m%£ L32°C, 3rCsftl^tt38'CT?i&* XJB&mt**'? !> (|^R# 

K%rL^mmz:$m vtcmm±mo>msmmmm i & (hash© ZTfrrmxhz 

o 

m 7 ft, LLC4ffi2»(£SeV18+GFP, SeV18+/ A F-GFP^V ^ftSeV18+/MtsHNts A F-G 
FP&m.o.i.3T?«JfeU zrCXmm2m<D^m±mRX^M^mULX, 1 lane 
^9 6 well platei#mwell#<D 1/10*1 Si^r^T, W^Jl LfcWester 
n-blottingldi^^fefc, (VLP) WOMBS© 

0 8 ft, LLC-MK2&BJI& fcSeV18+SEAP/ A F-GFPj^ftSeV18+SEAP/MtsHNts A F-GFP 
£m.o.i.3-T?«*U *£*12, 18, 24, 50, 120B#M^f-^!J ^Lfci£«± 
^fflV^aiJ^bfcSEAPfStt^-fil-Cfe^, 

0 9 ft, LLC-MK2jM(CSeV18+SEAP/ A F-GFPj&l NftSeV18+SEAP/MtsHNts A F-GFP 
£nLo.i.3T*feU ig#24, 50, 120^1^ fcf-^ 7* P V^Ufc^i^^HAS 

010ft, LLC-MK2HflS{^SeV18+SEAP/ A F-GFP^V N ftSeV18+SEAP/MtsHNts A F-GF 

/W*£|HlI&lU 1 laneig >D 6 well plate^*lwell^Ol/10tiS*^V^T, ftM 
Lfcffestern-blottingfCj: ^^^fc^-r/V^^^-^-f */W*«r^-t" 

Hll lft, LLC-MK2, BEAS-2Bj£V^ftCV-l£ffli&fc SeV18+ / AF-<;FPj^ftSeV18+/ 
MtsHNts AF-GFP^rm. o. i. 0.01, 0.03, 0.1, 0.3, 1, 3, 10-CJi^U ikttSr^r* 

fc^ 10% FBS£^tf^i&<D#^f«fc 6 B^iC ^4 J ^tU$ivfcLDH#^e> 
JMIofclBjai»*tt**^-HT?*>5. raC*Wfi»©#WI&&*BIJfi*l©a (Triton) 
£^T100% lysis Lfc^ffitrlOO 0 /© t LfcftaHtT?* bfc„ 
012ft, LLC-MK2»{^SeV184GFP, SeV18+/ A F-GFPgScV ^ftSeV18+/MtsHNts A 
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F-GFP£m.o.i. lTfJffifcU 32°C, 37 0 C]£VM;i38 < C-ag*U @i2 0^W 

@13lt A-10lBiJjS^SeV18+SEAP/AF-GFP^V^^iSeV18+SEAP/MtsHNtsAF-GFP?^ 
nuo.i. 1 T?«3feU 32'Cl£VMi37 < C-eig*U lO%!kffi*%&%&Xi%miBmz 

01414, A-10«(CSeV18+SEAP/AF-GFP^V^iSeV18+SEAP/MtsHNtsAF-GFP$: 
m.o.i. 1 t?«fcU 32 e Cj^f437 < C-eig«U 10%jfc?f ^W(FJft'T?*il2Bl*lC 

-f-¥X"C'fo-5o A-10^BSSlCSeV18+SEAP/MtsHNts AF-GFPSrm. o. i. 1 TiSlfeU it 
mzWA^<D$&m&UM~?&Z>='Jl't?-> (colchicine) i^lin;^5F (col 
cemide) &f&m&l»Mzt£Z>3: 0 fcSS*DU 32"C-e#*Lfc. 10%jfo.?#%^tf}#tfJ 

m$m*mm Lxm.mi,tcm&Rxjmm&(Dm^m^mMvtz 0 *-r utt. 

-t^WMX-foZo A-10«^CSeV18+/AF-GFP^V^{4SeV18+/MtsHNtsAF-GFP?rm.o. i. 
1 -CJfiBfeU ifi[«fc|»/h#OJBifi^f<ai"eifo5 colchicine*^* ljuM fift 
5 <fc 5 fcSSbP U 32°Cg^f437 e C-T?*g« Lfc 0 10^»«r*tf«*-e««2 B % 
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01 8(4, F%.TMmk$MSeV? / AcDNAOflBfr* ASr^i-0"T?fe5„ 

0 1 9 fix «»U^33j:^/*fcWa0c^SeVa^©^Sr^i-H'T?fc6. 
0 2 0(4, hygromycinft^jt^^-f-^Mil^^^y^^ KOflMR^*- 

02 114, ^n-=^UtM (SOT) a6«r»*!8m-r*tolSK:o^-C\ Cre 
DNAU^^lf^ — ' ^S:W5I^X.Tf / (AcCANCre) &Jg!tfe8L W 

estern-blottingfc £ 5llRlJ^g&0#SSWJ&3SSJt455Sr*i' 3 i^C"Pfc*o 
02 2(4, ^W*-»JS (LLC-MK2/F7/M) ^ ^#18311^2 I YfcltfC&M 

SeV (SeV18+/AM-GFP) <D$ J /V ^1r^MX*fo% 0 

02 3(4, SeV18+/AM-GFPO^^/V^^tt (CIU£HAUtf)gB#^b) £^1*0 

0 2 4 (4, SeV18+/ AM-GFPO tf V *V f <DJt^^5t5S^O^©RT-PCR<D^ 
**^*H3 £tf0T*& 5o 

02 5(4, SeVl8+/AM-GFPO!>^/V^1i3t^MS^> : !S^^fc?S^1"'5'^^N LL 
C-MKWM^OttSW*^^*^ ? ^ /l/^aSfcol^TWestern-blotti 
ngSrffV \ SeV18+GFP&l>*SeV18+/ A F-GFP t ©Jfctfcife*^"*" W"T?*> 

0 2 6 (4, SeV18+/ A M-GFP&0SeV18+/ A F-CFP^^LLC-MK2«^±?t * £ 
-f/V^A*ae©^»Jt;<ft (ft3R5R?9Srf^Kb-CWestern-blotting) 
T*fc6 0 fctSeVfcift: (DN-1) SrJBlYfc. 

02 7 (4, SeV18+/AM-GFP^V^(4SeV18+/ AF-GFP^LLC-M^i^m. o. i. 3"C&!feL 
, m6«J(c:lH]l|XLfc«±»^OHA^tt^i-0-efc-5o 

0 2 8 (4, SeV18+/ A M-GFP^ V ^(4SeV18+/ A F-GFP £rLLC-MK2 Km. o. i. L 
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0 2 9 tt, SeV18+/ A M-GFP^V ^fiSeV18+/ A F-GFP^rLLC-MK2{31m. o. i. 3X~$t%£ L 
, Bfcfc@lRLfc#3l±i&fcoVvT\ jJ?-*~y?Vtfy-J» (Dosper) 

*m ^tllc-mk2};i b 7 ^ 7 31 * v 3 y ufc 2 0 *©*3feWIWIfc**i"W"e 
w^%'&fta&x<omi\*7bK? t i t '{ yvtc a ±.frhM\zm?m-% 40-44 

o 

0 3 2tt* F^M^M^V^V^-l'^^^^"^^^^ 0 ^^^^^ 

LLC-MK2 SrJH WT s FO»iot^©^P f7-«^ R:ftU&K££!J£3fe 
i5SjjfeftLTl*£a»&fca>i&fc. SeV/AM-GFP (A, B, C, J, K, L) , SeV/F(MMP#2) 
AM-GFP (D, E, F, M, N, 0) x SeV/F(uPA) AM-GFP (G, H, I, P, 0, R) (D%MX 
&MOSeV%$QlMzMPi£& : &s WHftK 0. 1/ig/ml collagenase (Clostridium) (B 
, E, H) , MMP2 (C, F, I) , MMP9 (J, M, P) , uPA (K, N, Q) , 7.5/ig/ml Try 
psin (L, Q, R) ^MWfrTfttfcLfc. F«r3fc*LT^*V>Se 

V/ AM-GFP fi x trypsin^j!jPx./c:LLC-MK2X'CD^, « LfcM<2jS 9 Oftft t » 
gte&SJwU IWfilB^aW3fc#*fe*lx #^«T*fo6synthitium£ff£j&L7c: 

(L) 0 MMP ^-^la^J %FfCija^& A/£:SeV/F (MMP#2) AM-GFP&, collagenase, MMP 
2, MMP9 ^Px.fcLLC-MK2T\ IIOttlft63U£ted**g>*'U #8»M&-C&5synthiti 
um^r^^b'fc (E, F, M) o — j5s urokinase-type plasminogen activator (uPA 
) , tissue-type PA (tPA) ^?SB^J^F^#l^-iA^fcSeV/F(uPA) A1I-GFPT?!*, tr 
ypsinT«M£M^^b*K $ bfc&gLfcr t \c£^XuPkX*£mmmX* 
fo3synthitium£?F2j&L7c (Q, R) o 
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MMP5Sm^»**t?fcSHT1080 (A, D, G) , tPA$&£*rCiii>5MKN28 (B, E, H) 
, ift,b©^Pf7- tffc«£LWftVMNM&8jOT620 (C, F, I) £JBWT\ 1*3 

fc 0 HT1080TiiSeV/F(MMP#2) LU-GF?<D^-10^&,±^<Dm^'O^^X^X (D 
) , tPA|gmt*MKN28-e«SeV/F(uPA) L\HXPO&i>mifoW&^&<nV>6&*) 
btb5 (H) . ^bO/orr- tf©^V^SW620Tit£<«tf>t>3#'9 

13 3 4 ft, Phorbol Esters «k5MMP^tF«M^^^^ ^'l'^^^ 

MMP2, 9©^Srgelatin^Hffitt^fe5a5^ s fi<feft5gelatin zymography 
fefcio-CflWBUt (A) e l^-yC3&S»HB (control) , 1:6*20 nM PMAf^iot^ 
i&&;h/fc±»*£JlV\/fct>©-0 > , HT1080£Panc It?MMP9<0^^ KjWMBSfU MMP 
9^i£^£;frTV^;:<t^;b^So MMP2ft. Pane I T^^Pff-MM (latent) ©M 

5fC N SeV/F(MMP#2) AM-GFPit, m9ffimz£^Xmfaffl&M$i%£&%.btlZ> £ £ 

HI 3 5 it. in vivolC*5tt5F3fe3Q0C*Sl-fe^^ iMA"*-"** *-©*M&l*# 

Hri080©fi*5?— K^!>^Srf^»Ufc. &T(-&tt^ 7~9BfH£ft^3 mm 

' "Cm^UfCo A, D, G, JiPlW, B, E, H, KJS-t^^J*^SGFP©S3fe«^ C, 
F, I, UZZ:<D&±&X>&Z>o SeV-GFP, SeV/ AM-GFPft^AUfc^^^ <0&§k% 
tffrbfrZZbtmmXZZ (^E, H) „ ZtltettlsXSeWOUm) AM-GF 
P-^tttf^fciS^Sr. ('"M^K) o t£*Ufct>©-Ctt, SeV-GF 



WO 03/093476 



73 



PCT/JP03/05528 



P. SeV/ AM-GFP#« l o 1 oO&ftaqfc&SttSOfcttLT, SeV/F(MMP#2) A 

imaged *oTB»3&>fe»SLfc. Hfc*i"J: 5 fcSeV-CFP^1094, SeV/ 

AM-GFP^205i-efe5O(^L-CSeV/F(MMP#2) AM-GFPT&90%©Jilfe»fetk 93 

0 3 7 {4, fe** — K^?*fc.fc5F qkSQ0CffeSlSeV-<^ * -©ftflfii^ Sr 

S£©SeV£&ALfc Q 2 0m, WA&AU ^©^#$?:H-«Lfc 0 PBS, SeV-GFP 
, SeV/ AM-GFP«^{^^# < *5<D^Lt, 12 3 6 Lfc J; 5 
fcj£#oT ^fcSeV/F(MMP#2) A NhGFP£ftA Lfc-lgteBJ b^f-it^l*^ V x £ * 

MMP|§5M*HT1080, tPAHm^MKN28, ^v^T-HZteb /vH%%LVX\^£^SW 
620X\ -fn TT-^mmz. ± SjWWWafe* "NBA* if 5 J&MH^fc. SeV/F (MMP#2) 
AM-GFP}4MMP^mWl080-e«>5^e>tb5^ % tPA355lflaKN28-efi % 

6>*lfrV\ SeV/F(uPA) AM-GFPJ^ tPA3S^I*MKN28"ettiffife36 $ *btl/** 5 N MMPB 
^HT1080trM^^^ 5> ^ V \, 

H3 9Hl % F^M^F &m%i£StSeV-<? ? -©fibroblast }Jl£5MMP3, 7©^ 

5»fe©^#^-r^*"efe6 0 

SW480&J; tWfiDr Srffio Tin vitroT'f ibroblast^ i 5MMP©^*T?F&gMfc£ 
MSeV< ^ ©K3fc**flff 5 J&» ^ 5 J&HW^fc. SW480, WiDr t % thuman f ibro 
blast (hFB) ^co-culturei-?)C<!:{c:<toT, SeV/F(MMP#2) A1HJFP 
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«k $tefcofc (b, d) o ^©a^bftv^eao^tt^o^tt^kftft^ ( p ) 

O 

Sfe&jjrf-^T?*)*. SeV/ AM-GFP-C»itrypsinSr*n^5 - laot©*^ 
/Lat-r^^^^l-T, SeV/F(MMP#2) AM-GFP-ettcollagenase, MMP2, MMP3, *5«fc 

oy^-f^RlJlo-CWU*:. ^1, 4, 7, 10 #F£i«LTV^M££ 
MSeV 2, 5, 8, Hi5F^MMP#2ia^J^ifAL^M^^SeV 

Ky3) 6> 9 , i2^F^uPAga^JSr#AUfcM^^SeV -<^~£±fBO 
-fvLT-T— £ (Ttc^QfS, l"— f 1, 2, 3; 0.1 ng/ml MMP9, 4, 5, 6; 0.1 

ng/ml uPA, V 7, 8, 9; 7.5/zg/ml trypsin, V 10, 11, 12) "CZTC 
s 30#«SLfc o trypsin#Fftgk*UTV^V^5fefflSeV 

MMP9^F^lffilP#2iB^J^#Ab7c:M^^SeV-<^^- ; Srs uPA#F£uPAl2?iJ£# 
AbfcMX^MSeV ^^^-^^tb-?tl#AUfc7 P n7 i r--ifS@}^o-C, Fl- 

H 4 2 fi. FOlffi/lSK >X J kMHkW (cytoplasmic domain deletion muta 

nt) (o^tmb(O^^m^^B^^<o)tWL^irW^h^> 0 

fclEfl** : 7 6~7 9 0 

. 5 /* g/ml trypsin»LLCMK2M--fe <M ^*F* K^-WPtW&cy 
toplasmic domain deletion mutant iHN&HPfl^l'fc^ 4Bt, hematoxylin 
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m 4 3 f/hn =7 9 \-m-&&*mmmz±%-isitz> r t ^-rm-e 

A: F/HN3^ 7? ys<?m&®° mtptDV ^-|B^Jti@B?IJ#-§- : 8 0 t bfd 0 
B: F/HN ^f^7^^^f*Linker(7)lfA{-J:o-Clt'^iM^±#-t" ; 5o 7.5/ig/ml t 

® 4 4 «\ F/HN* * 7 9 ©FM»SlHt^©MIP*K^^A©*B»** 

A: MMPSK@E^J§r#AbfcF«F/HN^^9^^^©«lll0o Jb^MfcSB^J* 
: 81-89, 

B ; MMP3§91&B]&HT1080— OF^^F/HNcDlg^lC «t 5 ^ 9 yf- V &ftMo 

@4 5ft F^/^K (Fusion peptide) &&k&&&#lfy*s:'*s'?$l>>1&&~> 
©J^#&^1-0T*fc5 o 

A: Fusion P eptide««^H 0 -L5&>6>)Efc:ffi?!l## : 9 0-9 3 0 
B: MMP#2, #6, flW12AOcollagenase(Clastridiun)^ta*^fci5ft-&t6o 
0 4 6 fi N ^^MF^M^^M-feV^V yJfrWf/ A|(BgSr^1-0-efc5 

o 

t>5# 9 ^^1"o 

048U, ftj»J^fcfe»t6llMP2^j:tW90|Bm**1~^^ife5. ^» 
|£<£>_h?i<£>Gelatin zymography^r^1" 0 

04 9 w\ mp%um<Dm^z^x<D&&mF&MX&M^y'?'( 

7rrT 0 r AMJ fiSeV18+/AM-GFP, T#2j &SeVl8+/F(MMP#2) AM-GFP, T#6J itSe 
V/F(MMP#6) AM-GFP, I*#6ctl4j iiSeV(TDK)/Fctl4(MMP#6) AM-GFP, TF/HN^^ 7 
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J ttSeV (TDK) /Fct 14 (MMP#6) /Linker/HN A M-GFP£^-f- 0 

mo-ut Lxm^ttiz* 

[«#Jl] M«'»m«ASeV^/AcDNA©^ 

Mjt^{-ti.raStt^^^^A LfcSeV<f / AcDNA^HIIgSr^To fc 0 TIBfe« 
<DcDNA^©^=¥-^^@ 1 fc&Lfc. Ffc»ftt£EGFPitW£^itLfcF^£: 
M-fc^t^V^WVl^^y/AcDNA (pSeV18+/AF-GFP : Li, H.-0. et al. , J. V 
irology 74, 6564-6569 (2000), WOOO/70070) ^NaeTOmbU 
Jt (4922bp) ^T^n-^«^ft-C^ ti&'t&'tl' K<H0 0 ffl U QIAEXII 

Gel Extraction System (QIAGEN, Bothell, WA) TMHIfcU pBluescript II (St 
ratagene, La Jolla, CA) tf)EcoRVlM h p~ ~>-^Lfc (pBlueNaelfr 
g-AFGFPCD#H) o Ifit^^fflSSSttS^ArirOpBlueNaelfrg-AFGFP 
±T? N QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA 

ondo&i&MWfrLTV^Cl. 151 strain (Kondo, T. et al. , J. Biol. Chem. 268: 
21924-21930 (1993)) OgB^JtrW U G69E, T116A&TJ? A183Stf> 3 fiM 
A^o/Co agJWAfcttfflUfc'frjiW-y =to|B?IJtiU G69E (5'-gaaacaaacaacca 
atctagagagcgtatctgacttgac-3' /SH^J#^ : 11, 5' -gtcaagtcagatacgctctctaga 
ttggttgttt'gtttc-3ViB^J#-^ : 12) , T116A (5' -attacggtgaggagggctgttcgag 
caggag-3' /IH?lJ## : 13, 5' -ctcctgctcgaacagccctcctcaccgtaat-3' /1iE?IJ# 
■§• : 1 4 ) JkTf A183S (5' -ggggcaatcaccatatccaagatcccaaagacc-3' /WM^^r ■ 
15, 5' -ggtctttgggatcttggatatggtgattgcccc-3' /IB?!l## : 16) 
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ia*&?±fc 3 ©gffO^^^^-f^pBlueNaelfrg- AFGFPSrSalI1»?SflSflApaLIT? 
lfl#ilMfc;3:frV\ ^M5t^^tf77^^^h (2644bp) SrEURUfc. -^"CpS 
eV18+/ A F-GFPSrApaLI/Nhel-C^ LTHNjfe^ &£tf»ftf (6287bp) U 
^<D2lt©#Lfi" : Hitmus38 (New England Biolabs, Beverly, MA) ©Sall/Nhel-^ 
4 h\Z.y--f?v—~y-?Vt£ (LitmusSall/Nhelfrg-MtsAFGFPOflKft) . HNjtfe 
^©flUMKttJSJWIAtt w©LitmusSalI/NheIfrg-Mts A FGFP±T\ Ifit^f-^ 
(D^^^A^ir[^=II^QuikChange™ Site-Directed Mutagenesis KitSrflJJB LTKi 

^L-Cl^6ts271 strain (Thompson, S.D. et al. , Virology 160: 1-8 (1987)) 
<£>@fl?ij&fljffl U A262T, G264RRUK461<W3lB}^0&ft*A&fTofc, 
(Cgfflbfc^^^-y ^©ga^lJfis A262T/G264R (5' -catgctctgtggtgacaacccggacta 
ggggttatca-3' /Wfi^^ : 1 7 , 5' -tgataacccctagtccgggttgtcaccacagagcatg-3 
' /IB^lJ## : 1 8 ) , K461G (5* -cttgtctagaccaggaaatgaagagtgcaattggtac 
aata-3' /@S?!l#-§- : 1 9 , 5' -tattgtaccaattgcactcttcatttcctggtctagacaag-3' 

20) -cfcSo ^laftM^v^fifflfit^f-^©^*-^*^^®^^^ 

—±Xff^tci>K pSeVlSVAF-GFP^Sall/NhelT^mbUtb^SMRTJ^HNat^^r 
^yv^^^Y (8931bp) £Litmus38<DSalI/NheIiM Y\Z.y-?9xi — = 
r#btbS7 , '7^^ K (LitmusSall/Nhelfrg-AFGFP) MLt, M&0HN3H5 

> M5t^±{- 3 «Bf, HN5t^±fc 3 IBM 6 «9f Offl*lSStt**Sr*A U 
fc (LitmusSall/Nhelfrg-MtsHNtsAFGFPOli^) . 

LitmusSall/Nhelf rg-MtsHNts A FGFP£SalI/NheI-CM t T 0Jfc tfc77^V 
h (8931bp) ^fepSeV18VAF-GFP^SalI/NheIT'»b-CIlIlRUfcM^tJ«HN^ 
jt^£^£ftV^7^^h (8294bp) ^7^^ 3 VU, MRt^Mft^ 
fc 6 USB? t , F&»&{CEGFPitfe? LfcF^Mi? 
* /V^^fty y AcDNA ( P SeV18+/MtsHNts A F-GFP) Srfli^ bfc (HI 2 ) 
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0 

BAP) jt^^SUfccDNAO^^^ofCo BPfc* SEAHt^fcTiftfcfclt^ 
•^/U-^^^IJ-HJ&V^^vSr^t-SSEAPSf^- (WO00/70070) ZtiotlV® 9 tH L 
(1638bp) , S^*SimiHlI|X • *&J4U pSeV18+/AF-GFPRt^pSeV18+/MtsHNtsA 
F-GFP£>NotIlM h JJljta^ai/y^o -tftOTU P SeV18+SEAP/ AF-GFP&tfpSeV18+SE 
AP/MtsHNts A F-GFP i: Lfc (HI 2) . 

$ j ,\,XOW$jmLi*><D®. J g (Li, H.-0. et al. , J. Virology 74. 6564-65 
69 (2000), WOOO/70070) (Ct£oTtTofc 0 F4«fe34^'f 

i/*xA£flJJlL-CV^ 0 MSg^XxAttCre DNA V tf-j— if ^ i >9 
^#I^fl^^.i" ; 5<J:5^ISf|-^tbfc7 P ^^5: KpCALNdLw (Arai, T. et al. , J. 

Virol. 72: 1115-1121 (1988)) £r» Lf:tOT*fc 19 , |^5K©h?V 
*7*~ TV M-Cre DNAy a Vlf7— * &^^%Wf$kX-T*f J V^frX (Ax 
CANCre) ^SaitofcO^jfe (Saito, I. et al. , Nucl. Acid; Res. 23, 3816-3821 

(1995), Arai, T. et al. , J. Virol. 72, 1115-1121 (1998)) "T?J«?fe£*T# 
A3t^fc*m£**o SeV-F5B©#£\ FSte^Sr^ri-SRh 7^*7*— r 
V h«£Ll£-MK2/F7tfBiiU AxCANCreT♦Bl^mF^e^^^mb-CV^5« 
^LLC-MK2/F7/Ai fBtti" 5 - t 

&&Jft£tt£Jl*A 7 w ©BififeftaT© i 5 fcffo fc D llc-mk2»£ 5 

X10 6 cells/dishT*100mm(D-7^ — K^Sts 24^NlMNIIfe% (psoralen 
) (365nm) "C20^IB«Hg LfcT7# V * V = ^ 

fyh!7^'>=T!>^;W (PLWUV-VacT7 : Fuerst, T. R. et al. , Proc. Natl. A 
cad. Sci. USA 83, 8122-8126 (1986)) £Si&T* 1 P*flM8fe£*fc Gn.o.i.2) . 
3»Jft%jfefllSr^*ftV^IIEireaS»Ufc||, 77^^ KpSeV18+/MtsHNtsAF-GFP, P G 
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EM/NP, pGEM/P, pGEM/L&t^pGEM/F-HN (Kato, A. et al., Genes Cells 1, 569-5 
79 (1996)) ZZtl^tlUtig, 4 jig, 2 jug, 4/i gRmn g/dishOirifct'Opti-ME 
M (Gibco-BRL, Rockville, MD) JdiiSU ljug DNA/5/ztf@^£>SuperFect tran 
sfection reagent (Qiagen, Bothell, WA) £Atl/t2S^U M.UX*\5ftW[im& 
x FBS^tfOpti-MEM 3mL^Atb, L"CJ#* Uc a 5B#TO 

*miL^^^^^V^MEMT*2|lISfe#b. 40/zg/mLtf> Cytosine j3 -D-arabinofurano 
side (AraC : Sigma, St. Louis, MO) £tR 5 m g/mL<DTrypsin (Gibco-BRL, Rock 
ville, MD) ^tfMEMt?i$*L^o 24R#^ig^L 8. 5X10 6 cells/dishfofc 9 
(CF^&^^^-f-6» (LLC-MK2/F7/A : Li, H.-0. et al., J. Virology 74 
. 6564-6569 (2000), W000/70O7O) trfil U 40/ig/mLtf> AraC&tf7. 5/x g/mL£>T 
rypsin*^WlEirCHfc 2 0 ^37^X^11 Ufc (P0) . :i;h^©»S:!H]JlSiU 
Vy V £2mL/dish&fc 0 © 0pti-MEM(3lSS» Vtc 0 3 Utt t) £ Lfc^ 

„ 7>f^--bS-^©**LLC-MK2/F7/Ath7^7*^^3^U 40Mg/mLO Ar 
aCRtfir. 5 m g/mL^Trypsin£^J&L?t2ra £ ft V^MEMM V ^32tT^* Lfc (PI) 
. 5 ~ 7 0 «*#±»©-««r 5 , fffc^WK LfcLLC-MK2/F7/A(3l« 
|H40m g/mLO AraC&#7. 5 ju g/mL(DTrypsin^^Jfc.?t^*^V^MEM^ffiV^32r 
t?#*Lfc (P2) . 3~5 0^^ff^fcTOUfcLLC-MK2/F7/A^ff^^^ 7 
. 5 /z g/ m L©Trypsin0^^^.lk^^*^V^MEMtrffiV^32 < CT♦ 3-50 fflttftt b 
fc (P3) . EitXbfc^*±*tC«^l%t^5J;5{-BSA^^Pb-80 o C^T^# 

iC7)^-ePMU7c^^^/V^»©^-r ^-{*SeV18+/AF-GFP, SeV18+/MtsH 
NtsAF-GFP, SeV18+SEAP/AF-GFPS.U ? SeV18+SEAP/MtsHNtsAF-GFPT--?:tl, ; ens 3 
X10 8 , 7X10 7 , 1.8X10 8 W8.9X10 7 GFP-CIU/mL (GFP-CIU©^f4W000/70070 
Kmt.) X*hotc 0 ft*5, (OTfrlgfcLfc^^-RloVvrfi, GFP©&3fc"T?itt& 
W^^^ hUT^SUfcCIU^GFP-CIUt^^nSo GFP-CIUtts CIUirSfcKtt 
\ZLmKU*iF-fZkffim&tlX^Z> (W000/70070) . ^?>©^ 
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"tSR* SeV18+/AF-GFP^.t>*SeV18+/MtsHNtsAF-GFP(c:oVNT, 

-rSHBia (LLC-MK2/FT/A) \08S^O^—^ (J £32 < C&tf37 < C-T?M£S b 

fc 0 J£&6 0&<#fJI&El3fC*Lfcas» SeV18+/MtsHNtsAF-GFP(S32 < C-e«fc§ 

[H^J3] ?^v*fflf$fc:ibNt5##i&& (32^C) ©Sfcfc 

7t«>^^^32 c C-e(D^W^S:VN (Kondo, T. et al. , J. Biol. Chem. 268: 219 
24-21930 (1993), Thompson, S.D. et al. , Virology 160: 1-8 (1987)) Z bfr 

i^T -f /^Oi|i|ig^$iJ-rS^{-» UTV^SAraClC J;&*ejfiWltt3», 32"C 
0 n g/nL<D AraCRW. 5 p. g/mL<DTrypsin£r^iL?# £ ^MEM^ffi V ^TLLC-MK 

2/f7/a^j§« bfc^-a-. 3rc"e»3-4 0 ^x^\mmm^M^ & tim^tit^m 
&m*-x< z><D\cftu 32x>xmm^tc.m&i*7-ioate+#fc%mmm^mx 

tis b%z-tbth% 0 2&nm2x:x*mmvtcm&\a$u£^/F7/k\z.io\-fz>Fm& 

<D%m&mW£tlX^?>&XtbZ>o m&&#lt&ii9ktZtt& (LLC-MK2/F7/A) 
6 wellTV— M^10% FBS^-atfMEM-e3^7/^^ht^6^T*37t:-e^^, 7 
. 5 M g/mL©Trypsin^^Jk^^*^V^MEMicemb32 0 C^V^^i37t:T^* U 
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) Sr3flJfflLfcWestern-blottingS:fT5wfc-C, «rtOF^6fC£¥£*ftl-flW 

x z2X;x*fe&te< btsum$m&<D%%&BW&tix^tz (04) „ 

±|BWestern-blottingfi^TO^jfe-e^To fc 0 6 well^ V— h ©lwell^ fe @IR 

d Loading Buffer Pack; New England Biolabs, Beverly, MA) lOOMLTi^fllU 
gS^T'lO^MfcLfdo ittoffe, ±?flO/zL^SDS-PAGEy/W (-r/l^/HO/20 ; D 
aiichi Pure Chemicals Co. , Ltd, Tokyo, Japan) to-Ptt. 15mMT?2. 5R$M 
SfclfrgL PVDFBI (Immobilon PVDF transfer membrane; Millipore, Bedford, MA 

) K7^fe(-rioomA-ei PMBte^bfc. (Bloc 

k Ace; Snow Brand Milk Products Co. , Ltd, Sapporo, Japan) 1 H#Hfl£*-h 

JHILfcSU 10% Block Ace^^fid^^^rl/lOOO^i^PLfc-^^^t- 
gU 4 0 C-e-«gbfc o 0.05% Tween20<Sr£tpTBS (TBST) T?3I§U 3E^TBST?3 
HHfeJ^LfcgL 10% Block Ace^^HRP^^bfc^-v^^IgG+IgMfetfr (Goat F 
(ab')2 Anti-Mouse IgG+IgM, HEP; BioSource Int., Camarillo, CA) 1/5000^ 

mmm vtc-ymm&mzW: u m.u^i^mmm.vtc 0 tbstt-3 0, tbst?3hi 

ffc&l>it&s W^&ytfe (ECL western blotting detection reagents; Amersham 
pharmacia biotech, Uppsala, Sweden) \Z. «fc !9 ^(U hfc 0 

immm 4 ] fflgi«g&&&*A !>^;^©2 (HA assay, Wes 

tern-Blotting) 

SeV18+/AF-GFP, SeV18+/MtsHNts A F-GFP b £X<D?7 J jV^WU^IT 5 
g#^M-CNotI$(5{i[-GFP®{g-? £ ^OT^(-^it^^^^^E^J-^^^^ 
■ffr&^-rZGFPmK (780bp) SrfcttLfcSeV (SeV18+GFP : HI 2 ) SrJSlvCJfctfc 
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6 well plateK&\,^X* ^7 ^>hfct%M£l£tcUJC-W2BMz. 3X10 7 CIU 
/mL©#^^^M$rlwellfc7c«3100/zL^»L-C (m.o.i.3) lttlRM&U 
yMX*mft&, lwellfc7t<91raL<DM^t^VNMEM=lr»L-C32 < C, ZTC%.m8 

$ l^»iTfGFPM©Ii^tTo fcM 3 «<D ? J $. fc32<C, 37 

tfhzk^nzntz. (0 5) „ 

2^ffltt ; Ptt*iLSMWIHStt (HA^tt) T?Jfe*U KatofeO^fe (Kato, A. 
et al., Genes Cell 1, 569-579 (1996)) KWtoXffitc mh, jl&<D96ftZf 
W-hSrftfflU •>^^**ai*WKa , BS-T**RL4hrell 50mL(D2^«^J 

Tokyo, Japan) 50juL$r^U 4 c C-T?lB#F B ^mL*ifa.^(D?i^?r«^L, 
Ltc i> <D<D o ibM t> * -T ^*R*©*V n © 0>;ffir&*&HAiSH4 £ LT^Jt bfc 
o 1HAU^1X10 6 ^W/^fclft»U-Cs ^/V*$rt?S*Lfc (0 6) o SeVl 

8+/MtsHNts A F-GFP-C 2 fcttffllfc^ «9 W> U 37^T'SeV18+/ A F-GFPtf>|W 
lOKWt&LX^Z b^mZtllto *fcx SeV18+/MtsHNtsAF-GFPfi N 32tTCt>!>-f 

SlJ©M^^b<7>2^ttS^O^*^ Us Western-Blotting^ J: S^A&fT 
o fc 0 ±IE t m C «fc 5 i£LLC-MK2»£m. o. i. 3T«^. J&& 2 B $ lC#at-bJ* 
£«£H|J|5lU «*±fj!ftt48,000gT45^ra3S^U^-f^S6S:IeliRLfc„ SD 
S-PAGEfL Western-BlottingSrfTV\ ^Mtlltfc, ^tftfifrfc^M 
Lfc^y^n— r^WXh^O, SeV-MHe®©l-13 (MADIYRFPKFSYE+Cys/IE^J 
#■§•: 2 1) , 23-35 (LRTGPDKKAIPH+Cys/8S?iJ#^§- : 2 2) 336-348 (Cys+ 
NV7AKNIGRIRKL/@H^J#-§- : 2 3) <D^$L^^ KSr 3 UT^feffi Ufc 
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Sktnfr hMM Lfc t> <DX*fo 5„ Western-Blottihgte^liifetfil 3 K'BWtOjf&X'ff V ^ 
, -^flc©Stl^i#«:l/4000^x r^^^HRP^-^Lfcfit^lf^ MgGfet^ 

(Anti-rabbit IgG (Goat) H+L conj. ICN P. , Aurola, OH) ttl/5000£*K:# 
fcbfcfcO&fiyBUfco SeV18+/MtsHNtsAF-GFPT-«, ffllJS^UlttMgSaSRgft 
^#<^mbTV^^>(^(^Lvirus(D^eft^^LT*5i9 (0 7) % Western-Bl 

imMM 5 ] * ©*«BiGrP3E» (SEAP assay) 

SeV18+/MtsHNts A F-GFPlC*5l ^ 2 Wltit?^^ UT V ^5 ZtltRttZ 

&fcfco-CL$5©T\ •tOlS^JItoV^'rllBESrffofco SeV18+SEAP/ AF-GFP 
S.t/SeV18+SEAP/MtsHNts AF-GFP$rLLC-MK2^ffliatm. o. i. 3T?J8Jfefl % M^Kl (Jg 
Sfe 12, 18, 24, 50, 120«#) ##±?it SrHUfcU ±fc*©SEAP8H4«:Reporte 
r Assay Kit-SEAP (T0Y0B0, Osaka, Japan) S^Uffl LTKittCfBicO^^oX 
firofc. SEAPiSH4ttP?#IWC©ll#»^ft^ofc (0 8) 0 tUtm-f^Md 
V^*iL«S?£tt (HA^tt) SriDJtLfc^ HA^tt{tSeV18+SEAP/MtsHNtsAF-G 
FP^f±9J|&i/10fcafei>LTlVfc (09) „ m-t>"7sWV -i'l'XZ&.W 

0g"e45^IW3S'L" b ? /V* S 6 £ 0^ bfc^ , Western-Blott ing-T?#CM#C# £f IJffi 

IMMW 6 ] JWA ? ©iftUtePtlFtt (LDH assay) 

J:*«Mi*»P<fc 0 LLC-MK2, BEAS-2BRt^CV-liSBJ^Sr-etU^tt2. 5 X10 4 cells/we 
11 (100juL/well) "C96well plate«#*£*L7c 0 S*»-f±LLC-MK2Xt«V-l^ 
f±l<* FBS^-aipMEM^, BEAS-2B{vlfilO% FBS^ifD-MEM&tfRPMI (Gibco-BRL, R 
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ockville, MD) <D 1 : 1 Ltc 0 24^m^m^ 1% BSA^r^tfMEMT^ 

$1 LfcSeV18V A F-GFP^V NftSeV18+/MtsHNts A F-GFP^£5 p, L/wellT-^JD LiS 

^tt«6 0^«*±?*^^y Cytotoxicity Detection Kit (R 

oche, Basel, Switzerland) £*Uffi L-CKittcE«^^^^oT^«Wtt^S 

BEAS-2B(31*5 V ^ W\ SeV18+/MtsHNts A F-GFPtf>3i»#l4teSeV18+/ A F-OFP t m 

♦KTCfciiWi^fc (Hi l) o BP*>, a«J«tt«ll*XT?©2»3tta 

W^Sfcfcx m&<Dmmftm&K^Xm^tz 0 £-SeV (SeV18+GFP, SeV18+/A 
F-GFP, SeV18+/MtsHNtsAF-GFP) mC4ffi2»{£^ft^tUSI&U 32*0, 

<Dj?&X*nitc 0 it*«^PBST*llHSfe^bfc^, -20°CtC?^*PUfc^^/-/^ 
»L4 < Cl:15^-F^ia^b7to PBST*3[Uft^> 2% Goat Serum&tfO. 1% Triton£r 
£t*PBS^T?MlB#fHBlocking&frofc„ ffflEPBS-CSEIftiMk 2% Goat Serum 
fc^tf-ifcffittiSJS (lOMg/nLtnaffiiflc) T!3rC30£IHKJi£Lfc. PBST*3IUgfc^ 
% 2% Goat Serum£^t? (lO^g/mL Alexa Fluor 488 goat anti-rab 

bit IgG(H+L) conjugate : Molecular Plobes, Eugene, OR) Tr37 c Cl5^F^f& t 
fc 0 S^^PBST*3HJSfe^, SXWtttFTJlWtfc. £#«mS!T?F, HNffiaa 
5r^Tl-6SeV18+GFPt?{i, tftftLfc^tbOiBJEKl^V^ t>*«J!&affi"C0>Mfi6 £>* 

»^«^$tbfe (mi 2) o r©j;5ftiiaeo««f»fcBBurr4Rfc«**ix 

Tfe?) (Yoshida, T. etal., Virology 71: 143-161 (1976)) % W^sJ&fiJO 
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S^fc**t"rv>5fc#ite>ix5. -^SeV18+/AF-GFPT-«, StfCKfcV^CMSa 
©*»**Mi«K:|I^Lfc. MgeitfXU^e©^*l/-?tt©Cytoplasmic tail 
fcUWr^LT* M^®^^-f5t%X.btlT*3«9 (Sanderson, CM. et al. , J 
. Virology 68: 69-76 (1994), Ali, A. et al. , Virology 276: 289-303 (2000) 
) % SeV18+/AF-GFP-Cf±Je©— #<E>FS&£r£&LW3& N m&vm&K&W 
LTV^^^X-bttSo SeV18+/MtsHNtsAF-GFP'Cii ; e©^W^<tti-c, 

[336088] 2»t^J^*=^« (2) 

— (MRC1024; Bio-Rad Laboratories Inc., Hercules, CA) fc<k5£?#f£ 
HifltfCo SeV18+SEAP/AF-GFP&0SeV18+SEAP/MtsMtsAF-GFP&A-lOM (rat 
myoblast) ^tL^tU^feL (nuo.i. 1) s 32^£VN«37t^lOXlfc»^ifMEM 

*PLfe^^7-yV^^nL4 < C-ei5^@SL7c 0 PBST?3[h]&#^ 2% Goat Seru 
m, IX BSAXtW.l* Ttiton^trPBS^^iail^ra^ny^^^Sr^Tofeo 2% 
Goat SerumSr^trtlO-^fl^SS (10 M g/mL fcMftft) T?37'C30£|!BK& U 35 
tHHM©-^«*?ft (l^g/mL ftHNft* (IL4-1)) -?3rC30#MEJSLfc. PBST* 
2% Goat Serum&^tf— (10/zg/mL Alexa Fluor 568 goat 
anti-rabbit IgG(H+L) conjugate 10/zg/mL Alexa Fluor 488 goat anti-m 
ouse IgG(H+L) conjugate : Molecular Plobes, Eugene, OR) -C37 < C15^Fb^JS L 
tCo PBS-C3|ell5fe^x ^^^•rSfc*(Cl/4000t«LfcT0J>R03 (Molecular 
Plobes, Eugene, OR) £^«g?STn5#TOSU fctHciSftfcSlfcSfcfcfc 
% Slow Fade Antifade Kit (Molecular Plobes, Eugene, OR) ©$$fcg&U 
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/d^#££&^&LW50T-*£^T-fc£o SeV1846EAP/AF-GFPO*&ttx 3 

m&RXmm&<Oft&lMB&iStlX\i^o -^SeVlS+SEAP/MtsHNtsAF-GFP^ 
MMfc %Kl«efC©^^SeV184SEAP/AF-<WO«^t Jt^V^Sfc 

ejaSKHc^fc^HIU lfflE&t*Bfc^Mf (microtubule) <D*'i>fcttj£ Ctftfr'fc 
fc#£t> CT«Ofe*3»# btfOS 9 , # fcSeV18+SEAP/MtsHNts A F-GFP«»{- 

a^xrts m&omf&ftmmmmmtmt&ftK (mi 4) , ^m© 

SeV18+SEAP/MtsHNtsAF-GFP«#32 c C-r^#Ufc#^, M3f6«/hW 

©^«stc3ttv^-eifefe**LTVN5 (mi3) o mmz-n'b { g<nM J *znwirz>tc 

SeV18+SEAP/MtsHNtsAF-GFP^rA-10^m.o. i. 1 "CJggtefL MM 
fi^f^^fe 5 colchicine (Nakarai Tesque, Kyoto, Japan) ^VMi colcemide 
(Nakarai Tesque, Kyoto, Japan) Z^Mfe ImM 32 c C-e^*bfc 0 & 

HSrSSbPLsfev^tt, M3S«»tWS^fc^^Lfc (HI 3) <7Mc 

-ctttn^ttfc (hi 5) „ zoMitn, m&zo-btmMvtchofr&^teBm 

K&bfrZs SeV18+SEAP/MtsHNts A F-GFP«m32'CT-« LtcW&Om 6 
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5 7c#>M N SeV18+/ A F-GFPRTJ*SeV18+/MtsHNts A F-GFP©M ? ^* fcol^T, j£ 
|fe^©MS& CRtfflNSS) ©J»<Ea5ftfcS*i"5<!k'hWftE'#WI (colchicine) 
©l£ff SrW^fco SeV18+/ A F-GFP^V ^iSeV18+/MtsHNts A F-GFP£A-10tCm. o. i. 1 
Xti$&&s S^Mfi^^T'foScolchicine^^^ lpM JSJJPU 32*0^ 

#t L-c«&£ftfc. s e vi8+/AF-GFP©^%M s6M/hW£*#uw;5-5r 

^&6S^£ftfc 0 H^s 37^^feV>r»^K:SeV18+/MtsHNtsAF-GiT«lfei»BJ!afc 
*5 V vc* =*>^ft#j£ £ W $ ft 5 jMfcfcJSiS LT^iS £ ftfc 

EJL±0^»b, £lT©-i^*l**ft5o lSfer±='A'^f43fi"tf^^*ft, 
^iCFS-tWlN^eo^ft^ft^Cytoplasmic tailfclJ&g'LfcttlB (Sanderson, CM 
. et al., J. Virology 68: 69-76 (1994), Ali, A. et al., Virology 276: 28 
9-303 (2000)) Xflk'l^fcfcioX ($]*.# **Vy© «fc 5 
Lt) fllil&rtfc^ttU «BJja*ffi--»&b«[^^5t^$ftS. 

\z®^x(Dmmmm£tix^?>k%z.?>z-tftxz2>o zrcuc&^xtsm'W 

«ofcMft^»£ *.*MA&£.V>s =f/i/S?flcft3S"T?«&3Wi*Sft'rvNS £ 

5tubulinttSeV©«t9 • KEWSttfcBB^U §5^ • fc* s «#* 
ftT&O (Moyer, S.A. et al., Proc. Natl. Acad. Sci. U.S.A. 83, 5405-5409 
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(1986); Ogino, T. et all. J. Biol. Chem. 274, 35999-36008 (1999)) % 

=ow^ft«u ^(Dtubuiin^# < t^mztiz fbftttT&Km&tz - 1 

Sic, SeV(03E*Wn**>SFl-R strainttiete*fc&&*#L-Cl*5#s «3fe«tt 
/■MffcfcflsSUrr, Fl-R strain<D»ro@tt}C^#U^V^^$rWtl^L-C 
\i^Z>b%Z.btlX\i*& (Tashiro, M. et al., J. Virol. 67, 5902-5910 (1993) 

cDNAO*Ht ttlflt^f Sr^Cife LfcMfc&SHr * ■< -^DMA (p 

SeV18+/AM: WOOO/09700) fcflJJB bfc 1 7 fc^Lfc. pSeV 

18+/AMOM^^«Sr^tfBstEII»r>T- (2098bp) ^*SalI/XhoI-C*8<[b&7>f 
^—-Va >'bt:EcoRVfRMWfMt i Sr^^**fcpSE280 (Invitrogen, Groningen, Net 
norlands) ©BstEIIlM n-=5^Lfc (pSE-BstEIIfrgtf># ^) . GF 

P*&f ^r^-f^pEGFP (T0Y0B0, Osaka, Japan) ^rAcc65lS.TJ s EcoRI"Cfi'(b LDNA 
blunting Kit (Takara, Kyoto, Japan) t?©5' *«©fill infc J: 9 ^©^HHfc 
&fTl\ EcoRV-CffiflJ&BAP (T0Y0B0, Osaka, Japan) ^gtrfrofcpSE-BstEIIfrg 
K^fv-^yVtCo ^©EGFPJt^T-*^trBstBII79^^ > h&kt^pSe 
V18+/AMK1MU M^Mi^EGFPit^^^bfcM^»SeV^VAcDNA (pSeV 
18+/AM-GFP) bfc 0 

[gftftlO] M^^m»^SSeV^y AcDNAcD*^ 

X £@ 1 8 Lfco F££^fcEGFP3t^*«Mft LfcF^^^^ 
|>^7V^^y/ AcDNA (pSeV18+/AF-GFP : Li, H.-0. et al. , J. Virology 74 
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, 6564-6569 (2000), WOOO/70070) ©NaelSrJt (4922bp) -trpBluescript II (Str 
atagene, La Jolla, CA) OEcoRViH' MUlh/* =^^L-C«HLfcpBlueNa 
eIfrg-AFGFP&ffll>Tlflfc^©fc&&fTofc. Mit^il^ApaLIlM h£M 
Lrifll'&f-SrS) t> tti1~ J: 5 if-T y Vtc 0 W ttl1-fragmentdS6ti ft 5 

.fc^^Pafe^iil^t-ApaLiraia^J^^AUfCo ^^AftQuikChange™ Site-Di 
rected Mutagenesis Kit (Stratagene, La Jolla, CA) L-CKitiCfSiiO^ 
mzft^XftotCo agJWAlCltfflLfc'frriWy ^EJOttB*- agagtcactgaccaa 
ctagatcgtgcacgaggcatcctaccatcctca-3' /gB?IJ#-§- : 2 4, 5* - tgaggatggtaggat 
gcctcgtgcacgatctagttggtcagtgactct-3' /jB^IJ## : 2 5) T'fc6 0 ^^A^ 
v ApaLI-dBJ^-ffcU (37^C, 5#) , QIAquick PCR Purification Kit (QIAGEN, 
Bothell, WA) -etHHtZUfc^^O^*7^y-V3^^TofCo QIAquick P 

CR Purification KifCDNASrEUDlU BsmI&tmuIT'$MDH5a^W3£&U-t 
Mjlfc^- G&tJFat&f) £££:LfcDNA (pBlueNaelf rg- A M A FGFP) ^MULfCo 

M CRtWP3t-&?-) Ir^^UfcpBlueNaelfrg-AMAFGFP^Sall^t^ApaLI-e^jb^ 
fxV\ M^&gB&Sr^tf^y^^h (1480bp) SrlfiURLfc. -*"CpSeV18+/AF- 
GFP^ApaLI/NhelT^mbb-CHNa^^-atf^ (6287bp) fcEUfcU -£>2«tf> 
8Wt£Litmus38 (New England Biolabs, Beverly, MA) OSall/Nhelir-f b \C^"f 
?xi~-~ysfLfc (LitmusSall/Nhelf rg- A M A FGFP<Z>$^) „ LitmusSall/Nhelfr 
g-AMAFGFPSrSalI/NheI-e^b;LTts]I|5lbfc77^y h (7767bp) t, *fcpSe 
V18+/ AF-CFP^rSall/Nhel-emfb LT EH&t LfcM&tfHN^ittKi 1 ^ * ^7 y ^ 
^Vf (8294bp) &y ^-v- a > LT\ M&tflPiH£^£*& L*©fc$c*MfcteB 
GFHtfc* LfcMRtKF&*SHr V ^ * ^ AcDNA ( P SeV18+/ A 

maf-gfp) fc*36bfc. misufcM^^a (smts.tKF^M) *^w*<z>«3i& 

[HJfeflJ 1 1 3 SeV-MM 6 £38^1" 5 ^/W-j»Bj|&©f^H 
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o Stt^^AflHROfcfts FB6©^/<*-IMa (LLC-MK2/F7M) f^H (Li, 
H.-0. etal., J. Virology 74, 6564-6569 (2000), WO00/70070) fcL^TftJI 
LfcCre.DNA V a Vtf^- if^ J^&^M&m&SH** * 5fc»tt*^*l 
7*7*5; KpCALNdLw (Arai, T. et al., J. Virol. 72: 1115-1121 (1988)) SrfiJ 

<l> 168^7^5 K0>*» 

U FJtfc^A^fcftJB UfcpCALNdLw/FfineomycinMttjt^^^ UTV^^ 

(D^^-AT*Mjt^^*7°7^5 K (pCALNdLw/M : pCALNdlwcDSwallM MOGt 
fc^#A) <DneomycinMtt5t'S^f : ^hygromycinSttitfe J f fcfi#tfe^.fco BP"^ p 
CAI^dLw/M^HincIlS.tJ^coT22IT*^^tl6t^^tf»f>T- (4737bp) fcrtfn- 
*«aCft»"Cajis tt^"t"6^VKSr9l9fflU QIAEXII Gel Extraction System 
-em^LfCo PlI^Hls llpCALNdLw/MSrXhoIT^SK neomycinfM&tfc^£<a£& 
(/N$r# (5941bp) SrEIJfitgK lEfcHincII'CSJSf Ul779bp(^^f>T-^rlHlJ|5Z. Lfc 0 Hygro 
mycin»tt*£^f3:pcDNA3. lhygro(+) (Invitrogen, Groningen, Netherlands) £ 
X >" 7° l-"— h (Chygro-5' (5' -tctcgagtcgctcggtacgatgaaaaagcctgaactcaccgcgacg 
tctgtcgag-3' /Sl^lJ#-^- : 2 6) S.T^hygro-3' (5' -aatgcatgatcagtaaattacaatga 
acatcgaaccccagagtcccgcctattcctttgccctcggacgagtgctggggcgtc-3'/ / Sa?IJ#-§- : 
2 7) ©2S©7 s 7^-7- SrJgl^TPCRSrfTVN QIAquick PCR Purification Kit 
-C'lIlHJltfc^XholS.tJ«EcoT22I-C«bT^Lfc 0 rtlb 3 7 >f 

^ 3 y LpCALNdLflr-hygroM^rf^M bfCo 
( 2 > SeV-MS^FS 6 trfl^m-r S^W-?-JiJ^<D * p 
h^y^^rc^ v^a VKlteSuperfect Transfection Reagent ^rfflV^ti fn- 
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MZ$Bto<Oj3&Ttf?o1to m^r^m^totCo LLC-MK2/F7»£5X10 5 ce 
lls/dishT*60mm^-V— WCitt % 10% FBS£^trf)-MEMT?24B#TO#Lfc 0 pCALNdL 
w-hygroM(D5Mg^FBSS^^»Sr-^^^^D-MEMt^L 0&*T?150 m L) , 
}I£ft£Superfect Transfection Reagent ZOfilZWlNs SSJt# VMU~?10ftT3 
^gbfco im&, 10%FBS^tfD-MEM^lmL»Uit^x PBST? 1 [s!&# LfcLL 
C-MK2/F7|fflJja— C ©h7^7x^^/a Lfc 0 37^, 5% C0 2 4 V 

* a ^-*--C3i#iiBi8#gK b7y^7x^^ 3 yM«U pbst?3Ihi 

Sfc^ s 10% FBS^tfD-MEM^5mL»b24B#Ki§*bfc 0 h 0 T^Ttta 

J&£Sll#U Qfiwell^V*- hfc*&5cells/well©&l9£VvC##U 150 /x g/mLOh 
ygromycin (Gibco-BRL, Rockville, MD) $r£trl0% FBSA !? OD-MEM-C^J 2 9 TO 
#bfc 0 #-0»^6>^ 0 fc^a-^S:6well7 B l/-h*-t&^*l'fco - 

<3> SeV-MRt5Fae«:«l**S,i-S^/W-«-»lia^ p->®» 
#^>Hfcl30^^ n— VfcoVvC % MgfiOlS^SSrWestern-blotting'e^^ 
*ftt-8$#fbfc 0 #*n->£6well:7V— Md##x 

X\ 5% FBS^tpMEM-e^LfcCre DNA1J n y tft^^Mt5^i7f 
yi7^/^ (AxCANCre) ^rSaitob^^fe (Saito, I. et al. , Nucl. Acid. Res. 
23, 3816-3821 (1995), Arai, T. et al. , J. Virol. 72, 1115-1121 (1998)) 
T*m.o.i.5T-«£*fc 0 32tt*20Wi, ^*±»£l&* LPBS tf 1 0» 
U "ClWIfiSrSI^U-rttJI&SrlHlilJlUfc. llane&fc t> roi/lO* 

*T?74 LTSDS-PAGEfc?Tofc&, tfMtfcttfcfUJB LT^»J 3&tf4 fclB*M> 
#&TfWestenH>lotting«rfTofc. 130? P-V0*^ttafcftl®e®383fcia># 
A»ofct©'fcHb"C % #CF#l# (f236 : Segawa, H. et al. , j. Biochem. 123, 10 
64-1072 (1998)) SrfUJB bfcWestern-blotting©3IS*i#€:"C0 2 1 fclfB^Lfc 

[Hifefll 1 2 ] SeV-M^ 6 SrfS£38S1" * 'VW*-*Bfl&©Wffli 
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WK^MSeV (SeV18+/AM-GFP) tf>?>f /V^fflft&tr^Jfe U 
^O^xf/u^jg^|g^MLfCo SeV18+/AM-GFPOP0 lysate£r#^ p— ^£Syiq 

^Ko^T&fELfc P0 lysate^Wf^TOip^oTto LLC-MK2»£ 5 
X10 6 cells/dishT'lOOmm^v^-wM^ 24B#F H E J &«#, PLWUV-VacT7£^. 
T*l (m.o.i.2) 0 »?^iL«^*^V^MEM-C^Lfcm^ 7^ 

KpSeV18+/AM-GFP, pGEM/NP, pGEM/P, pGEM/L, pGBJ/F-HN&TjpGEM/MSr^tl 
mi2Mg, 4 tig, 2/ig, 4 jug, 4/zgS;t;4/ig/dishO*it-e0pti-MEM(C!l^U 

1 n g DNA/5 /* U=@ =5 OSuperFect transf ection reagent £r AtlT Ha-a" L x 
5OT^S^. FBS-SratfOpti-MEM 3mL^Att, £flJ&{£»LTi#*L 
7c„ SW^^JfiL^^-a^^^'MEMT^HI^U, 40 /z g/mLtDAraC&tn. 5 n g/mL 
<7)Trypsin&^tfMEM^*Lfc 0 24B#f?H*gii#s 8.5X10 6 cells/dish&Te: «9 ICL 
LC-MK2/F7/A?rM U 40 /x g/mL© AraC&I^. 5ju g/mLOTrypsin^-stfMEM-eMt 

2 0P^37 < Cftg#Lfc (P0) o ^k<Z>»£lE!I&U h £2mL/dish£>fc 
9<2 Opti-MEM^M, ^^?^3@^f9^X.L-CP0 lysate^P^L7t 0 
T'lOffiO^d — ^1:24 W ell7V— McJftv fS ^^7^*^ hO^AxCANCre 
£m.o.i. 5-C«sU ^^32^X2 0^*L»ia^Wbfc o r<Z>«£S 
eV18+/ AM~GFP(7>P0 lysate£#200 n L/wellt? h 7 7 31 ^ 3 ^ U 40 /z g/mL 
<Z> AraCRW. 5 jtz g/mL^TrypsinSr^jkr*^^^ *V ^WU%m V ^2 0 C-eigH bfc 

o #18;&7J?#62<D ^ a — ^T'SeV18+/ AM-GFPJc £ 3GFPS & 9 ^fiH £ ftfc ( 

02 2) o #62<D#T'j£tfS«?aMK % ^T©^(-«-^#62^fflbfCo 

S Mi® f-oV NTAxCANCre^^BU <D & <7) &LLC-MK2/F7/M62 t lE*c U © % 

©^F&tJME &#jSfc38S LTV^ k^^C-MK2/F7/M62/A tfES1~ 5 - £ 
5 0 LLCHlffi2/F7/M62/A^flJffiL-CSeV18+/AM-GFP^M^»U, P20«6 0 
^{^9.5X10 7 , P40»5 0^^3.7X1O 7 GFP-CIUO W /W* Lfc e 
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d t #SeV18VAM-GFP©£ WVVX[I|lW-£ ^Xft%\£M3£t%Z.btl1to SeV18+/ 
AM-GFP *5V ^xm 6 <S:3§3iJHfl& (LLC-MK2/F7/M62/A) h 7 L-T 

5*<j£#9#ja,fc*bfc (02 2) o IP*>, Sl*«^/v*©B*ri8»fc*5Vvt 
[$tt0!l 1 3 ] SeV-M® e srsf^KBm-t-s^^-SBJia^ffiv^ 

±m<Dt 4 frX<Z>£.M&V>ftX(Dmihfi'otc a LLC-MK2/F7/M62/A£6well pla 
teKmZSrCXmm Lfc 0 »0?= ^ <D^-C32'CtC^f *it\ 10* 

l£SeV18+/AM-GFP£m.o.i. 0.5T?Jfl3feU »l*ftK3(«±»«rlillRb*ffc*«* 
£»Lfc 0 |5lJRUfc±flfK:oVN-CCIUi:HAUS:*«>fco Jffife4~6 Blfe"T?*t># 
<<D^/W*;«lfc£ftfc (0 2 3) o HAUf*«!6 B'&VMhmWZtlX^Ztf 

[HJfe^iJ 1 4 ] M^SSeV© p 4 OfltftfflfcB 

SeV18+/ AM-GFP© £ ^ /^3t^SrRT-PCRt? % £ 4 & SrWestern-blottin 

gT«Lfc 0 RT-PCRttP2©^6 0*O»j7^^^J^Ufeo ^-f^»»^6> 
<DRNA©HJl|3U3:QIAamp Viral RNA Mini Kit (QIAGEN, Bothell, WA) SrfUJfl U * 
7ccDNAp$^fiThermoscript RT-PCR System (Gibco-BRL, Rockville, MD) £fUfl! 

(DZfvJ-?— v H£$S#©random hexamer£M£ffi bfc 0 RNA^b©^ 
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<MrT:hZ>Zh<DWMb reverse transcriptase^^-el^K/SSrff ofc 0 H 

$gbfccDM£xV:/l/~ h £ LTP3tfc^±tf>F3593 (5'- ccaatctaccatcagcatcag 
c-3' /E#l## : 2 8) <tFjfi^_L<ftR4993 (5' - ttcccttcatcgactatgacc-3' / 
@E?'J#-5§-: 2 9) <DB.%-&t> : &b^ IHC<P-ft^±^F3208 (5'- agagaacaagact 
aaggctacc-3'/ia^J#-i-: 3 0) bMMZ<DBfr&&£0 2aT'PCR£*Tofc 0 SeV 

bpSt/1458bpCOJiiji§^^^$tl/7c (0 2 4) 0 reverse transcriptase^ U (RT- 
) ©$|£ttS#36^©iigttft<* *fcGFPit^rii^<Mjt^^AUT 
V^»£ (pSeV18+GFP) fi^tL^14OObpS.t^l785bp^OT 4 0J 

Western-blotting^iOafifiUd^bOflfiBSrffofc. SeV18+/ AM-GFP (0* A 
M) , SeV18+/AF-GFP (121* AF) &tfSeV18+GFP (0tf 18+) £rm. o. i. 3T?LLC-MK 

2x088k ui^3H it tjg«±» bmm^mu u ^-tmfm ooo g t?45^ra 

jSr*Cfbl>^/V^afiSrIll5lLfco SDS-PAGE^, Western-Blotting-lrfTV^, ^CMfctft 

Lfc 0 ££09 3 4 tC|a«©^fe-efTo fc SeV18+/ A M-GFPJS^«-? 

f±M^e^W$i^i a F^v^{iNP^iWJ^i^rt^ bfrb. M»bfcSeVl8+/AM- 

GFPOMm-VhZZ bAtimZflit (HI 2 5) „ ^ SeV18+/AF-GFP«« 
V tiFW & iMRM £ SeVlS+GFPT'fip^fc^T ©^^f/V^lS SC#MK$J $ fi 
tc 0 3=fc, ^tilSO^^^ietilLtlis SeV18+/Ali-GFPfci3V>-CriNP© 

0 

UQfeW 1 5 ] Jfck£§!SeVtf> 2 ^ffltfc^O^&fcirr S£*tt*P#T 
MMM 1 4 |B<i© £ 0 [CSeV18+/ AM-GFP^rm. o. i. 3T:LLC-MK2^» U Jglfe 3 
0 ^M^±^SrllIl|X U 0. 45 jti ni<D7^ /V*—£ii Lfc^48, 000g-C45#MiS 
'L«U iai|XLfc^-f/U^aeSr^V^Tfesterirblottiiig*ffV\ 
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mU LTcf - l'°?A'%&m bfc 0 *f^J8 UWestern-blottingSr 

fjVDN-lftfl: (iWfSfD tftWtfc. SeVlS+ZAM-^FP^Miftftf) 
r>^;^ge «:SeV18+/ A F-GFP«M<7> ©Oftl/IOOT? fc 5 t ¥U®T £ tbfc (0 
2 6) „ £fc, |H^y7 P ;V<DHA?5tt^SeV18+/AF-GFP (64 HAU) *©Hl*tLSeV18 
+/AM-GFP «2 HAU) -C&ofc 0 

mM&Znmm&&)fcft^tc 0 BPt>, SeV18VAM^FP£m.o.i.3mC-MK2(Oi 
JfeU (-Hfefc) ««±?»«rliUl5lU HAjgtt^MSUfc (02 7) . 

T»ttl»»©^fcft*I«B^4r»ftU*l^ SeV18+/AM-GFP«»fM 

^40 &umw bfrKMi&mmmm& ut*s *> cb 2 8 > % Htistt©±#f± * 

5 0#O^±?ffcoVNr, Utt~y9 Vtfy— AT*fc5Dosper Liposomal Tr 
ansfection Reagent (Roche, Basel, Switzerland) ^jSl^T^HELfco IP*?, # 
H_h?tl00/iL£Dosper 12. 5 nlZm&LMM.-m0&1&W&> 6 well:/V'- MC=» 
y v > UfcLLC-MK2«(v: h7^7i^^ay Ufc 0 2 H « 

«IW*T-eW»Ufc3f, -^Wtt^.O#^6SeVl»f/AF^«I^Jiao«« 
±iTCtt* # < ©GFP»tt*M&3SMR« £ tb6 <0 KM U SeV18+/ A M-GFP««<0 

^±mri4GFP^«(m^i-^«t^^^^^^^^ ofc (02 9) 
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IH^iJ^xIfV V Vtc 0 El 3 0 fctt, mP-2RXMSP-9<DmMt LTfiJffi ZtiX^Z 
£-J&gfC<Z>IE?!l (Netzel-Arnett, S. et al. , Anal. Biochem. 195, 86-92 (1991 
)) *7tKU 1Ztc\*mcKWlE*lB±X^4>Vti2momm [PLGlMTS (IB 
3) jocfctFPLG I LGL (@fl^ij## : 3 1) ; £TF, ^tbb<DiB^J^-T6F 

/ SftE^JPLG©**** UfciB^iJ (WTx l^@B?!l Sr^rt" Z>m 6 £F (MMP#4) i: mt 

) RtfuPkvmwyGR (mm^-: 6) z^vtcMn (sit. mmn&^-rzFW 

&£F(uPA) b&t) O4al^iH^J(D7 ; W^^$i^'CV^5 0 
^gLTV^MMP (MMP-2S.miMP-9) M N <fc Vm$l#lKfcR1rZ> £ 5 I'^Of 

WWbfc^Mf (Turk, B.E. et al., Nature Biotech. 19(7) 661-667 (2001); Ch 
en, E.I. etal., J. Biol. Chem. 277(6) 4485-4491 (2002)) £ t 

#tti*5, #fcHMP-9fc:Hl/ttt % Pro-X-XHfy-(Ser/Thr)©P3j&»e>P2' t.X(D=r> 
-ky-V-XWM <X=£X<Dm&, Ky=mykB.&&) tmm&frX^Z (Kridel, S.J 
. et al., J. Biol. Chem. 276(23) 20572-20578 (2001)) . ZZX\ F(MMP#2)tC 

^^•fe^y^^^^^^^/AcDNA ( P SeV18+/AM-GFP) £SalI&TmeI-e?S 
fcU Fitfc^ -tr-^tfUff)!- (9634 bp) £T#p-;*®^&Kj HE^I"*^ 
y K£#J !9 fctibx QIAEXII Gel Extraction System (QIAGEN, Bothell, WA) X® 
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JRU LITMUS38 (New England Biolabs, Beverly, MA) (ASall/NhellM YK'f'f 
tv-^vyLtc (LitmusSalI/NheIfrgAM-GFPtf>1#^) . F3t£^«M^A 
fiC<DLitmusSalI/NheIfrgAM-GFP_L-? N QuikChange™ Site-Directed Mutagenesi 
s Kit (Stratagene, La Jolla, CA) SrflJJB LTKittCfBf^&fc^oT*? ofc 
o ^m^A^ffib^^y ^oa^lltt, F(MMP#2)^<D»^fcfclc:« 5'-CTG 
TCACCMTGATACGACACAAMTGCCccTctTggCatGaCGAGtTTCTT(XGTGCTGTGATTGGTACTATC-3 
' (IE^IJ#-§-: 3 2) :Jo <£ 5' -GATAGTACCAATCACAGCACCGAAGAAaCTCGtCatGccAagAg 
gGGCATTTTGTGTCGTATCATTGGTGACAG-3' (gE?!l#-5§- : 33) , F(MMP#3)^<7>i£&K:«: 

5'H3TGTCACCMTGATAOJACACAAMTGCCccTctTggCCtGggGttATTCTTCGGTGCTGTGATTGGTA 
CTATCG-3' (ffi#I##: 3 4) *5 «£ 5' -CGATAGTACCAATCACAGCACCGAAGAATaaCccCa 
GGccAagAggGGCATTTTGTGTCGTATCATTGGTGACAG-3' (@B»^ : 3 5) % F(MMP#4) — 
5'-CAAMTGCCGGTGCTCCCCcGTtGgGATTCTTCGGTGCTGTGATT-3' GB?iJ## 

: 3 6) *5«fctf 5'-MTCACAGCACCGMGMTCcCaACg«X^A(^ACC(K^ATmG-3' (gB?fl 
^ : 3 7) , F(uPA) 5' -GACACAAAATGCCGGTGCTCCCgtGggGAGA 

TTCTTCGGTGCTGTGATTG-3' (gB^IJ## : 3 8) *5=fcT/ 5' -CAATCACAGCACCGAAGAATCTC 
ccCacGGGAGCACCGGCATTTTGTGTC-3' : 3 9) -e£>5 0 /hX^IB^S 

agAikX^L-Cl^o 

Fitte^ifc g ^O^^-rSLitmusSall/Nhelfrg AM-GFP£SalI/NheIT?$Hfc 
LT, Fl^Sr^y^Vh (9634 bp) fcEURLfc. — jiTC* Ffc£*Mfcfc 
EGFP®^£^teLfcF^S-fc^-f -M/W^ft^/ AcDNA (pSeV18+/ AF-GF 
P:Li, H.-0. et al., J. Virol. 74, 6564-6569 (2000), WO00/70070) ^rSallS 

tmiei^-fbUNRte^sr^tfUf-H- (8294b P ) ^m&mm u-c^ 

^B-=yW h^^AbfcT'y^^ K (pSeV/ASallNhelfrg-MCS : PCT/JP0 
0/06051) Sr. SallXtmiel-C^kbr^^^Vb (8294bp) SrlsIikLfCo r.© 
M77^yh^7^^a^U F(MMP#2), F(MMP#3) j£WiF(MMP#4) ©at 
(MMP-CSttf b &tl%£? Kt^J V LfcF3t£r?) Sr^t"SI0C^SeV cDNA 
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(pSeV18+/F(MMP#2) AM-GFP, P SeV18+/F(MMP#3) AM-GFP^tepSeV18+/F(MMP#4) 
AM-GFP) , &U*F(uPA) Oat^ (uPA"CStt^ ZtiZXo fcxlfl' ^ LfcF®fc 
Zti-ZUX&mSeV cDNA (pSeV18+/F(uPA) AM-GFP) £1ilfgLfCo 
[^^J 1 7 ] F©S&te«£^&LfcM*&MSeV-^ *-©WHI^Jii|>I 
!M A* ©^/^teLi (Li, H.-0. et al., J. Virol. 74. 6564-6569 

(2000) , WOOO/70070) (C^o TfTo fc. Hfc^SlTifcS (DX\ MS 6 & h 7 V* £ 
»-r5Ct^Br|g^_h|H^/WN 0 -» («0)Jll) Sr*UfflLfc 0 ^^/V 
^-Mf^t-^Cre/loxPIS^^^xA^Jffi LTVn^o -MlCre 

dna y ^ v tr-^ — em «t r> mmi-mmmmmnir^ «t 5 raw- $ * 5 

KpCALNdLw (Arai, T. et al. , J. Virol. 72: 1115-1121 (1988)) Sr^J/BLfck 
Otfc «J , 117*7 * 5 K© h 7 7**— r y h fcCre DNA V = V If ^ — 1? £3§^ 
1"-5^a^^T7 i V (AxCANCre) &Saitok©#fe (Saito, I. et al. , 

Nucl. Acid. Res. 23, 3816-3821 (1995), Arai, T. et al. , J. Virol. 72, 111 
5-1121 (1998)) X*m%£ltXm*Mfcf%%$LtStt (MMM 1 1 1 2# 

1) o 

F©SttiMi^»b7tM^«SeVOfflt^{i^T©<t 5 fcffofco LLC-MK2 
ftU3£r 5X10 6 cells/dish-eiOOmm©^ — 24ff§fa E |*g : ^, ( 
psoralen) hjk&-&&tm (365nm) T^O^^SI LltntfV * 7— 
JJ a y\f 1-1/ h !7 # i/-T «M A* (PLWUV-VacT7 : Fuerst, T. R. et al. , Proc. 
Natl. Acad. Sci. USA 83, 8122-8126 (1986)) 1 B$IWJfi3fe£*;fc. (M0I 

2) o m^Mskm<D\mxm^htc^ 7°7*5: KpSeV18+/F(MMP#2) AM-GFP ( 
^VM2pSeV18+/F(MMP#3) AM-GFP, pSeV18+/F(MMP#4) AM-GFP, £fc& pSeV18+/F( 
uPA) AM-GFP) , pGEM/NP, pGEM/P, pGEM/L (Kato, A." et al. , Genes cells 1, 5 
69-579 (1996)) RtfpGEH/F-HN (Li, H.-0. et al. , J. Virology 74. 6564-6569 
(2000), WOOO/70070) ttft^tltt » g, Aug, 2/zg, 4 m g &tf4/z g/dish©* 
itT?0pti-MEM (Gibco-BRL, Rockville, MD) fcSiBU lit g DNA/5/i Lti^OSup 
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erFect transfection reagent (Qiagen, Bothell, WA) £rAtbT?!"£U &iB.i?l 
S#ffiim&s FBS£^tf0pti-MEM 3mLfcAtU L/rif^L 

fc 0 5B#F B ^f*#Jflffi^*^VNMEMX*2tHlSfe#U, 40ng/nL<D Cytosine £-D-ar 
abinofuranoside (AraC : Sigma, St. Louis, MO) AW. 5/z g/mLtf>Trypsin (Gibe 
o-BRL, Rockville, MD) ^tfMEMT^*Ufc 0 24^^*^. 8. 5X10 6 cells/ 
dishfcfc9fcMSe«Sr^^mi-?>^^ (LLC-MK2/F7/M62/A) £fiJPU 40 /zg/ 
mLO AraC&tf 7. 5/z g/mL^)Trypsin^tfMEM-C*Mi- 2 0 F^'CT^* Ufc (PO) 
^tLb©»^HmXLs ^Vy hSr2mL/dishfefc5© 0pti-MEM{-«b7c o 
*r«fi?& 30i^i Lfc&, b ^^^^*LLC-MK2/F7/M62/A^ b 7 

y^7x^i/3yU 40/zg/mL<D AraC, 7. 5/z g/nLOTrypsin < R.tJ ? 50U/niLOcollag 
enase type IV (ICN, Aurola, OH) Z^m*^*^^*®^^®^ 

tc (pi) o 3~i4B'&mm±m<D-n*tv), mtcKmmvttLw-wam/hK 

Jffife**^ 40/zg/mL© AraC, 7. 5/z g/mL©TrypsiaS.^50U/mL(Dcollagenase type 
IV££;NiL»&££fcV^*EV*32t;^*Lfc (P2) „ 3-14H«lOffc 
KPfil bfcLLC-MK2/F7/M62/AM«^ £^ 7. 5 az g /mL©Trypsin&tf50U/mL<7>c 
ollagenase type IV £-^Mk?f £ra ^ ^MEM^rffl V ^'Ct? 3 ~ 7 0 FHi^lt bfc 
(P3) o [HlJiZb7t^*±»«^m%}-^5«t5^BSA^^Pb-80r^T^#b. 

m&*h7l/XK®%iirZ>^W*-mj&k UC, LLC-MK2/F7/M62(C, K 
|I|i/7TA (pCALNdLw : Arai, T. etal., J. Virol. 72: 1115-1121 (1988)) 
©SeVHet^ (RtfSeV-Fafc*) ^fAU 

i^ii5V^^^^-T^M^«SeV-<^^-- ; lrM' 5 rtg^^-» CLL 
C-MK2/F7/M62-#33) bfc 0 r.©*BJS*r/BV>T«I«Lfc#3\ F3ft£* 

fcgft&^ALTVNfcV^&SSeV^*- (SeV18+/AM-GFP) SrixiO 8 GFP-CI 
U/mL (GFP-CIU©3£*riW0o6/70O70K:|B«) £k±.<D*<< *-"C«*W"S - * S ^T« 
fcfcofc. ft. ia*M&&*J/flbfc»£\ SeV18+/F(MMP#2) AM-GFPSt;SeV18+/F(uP 
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A) AM-GFP£>#£*> t h fclX 10 8 GFP-CIU/mLU*±<D*>f ^*-T?©W»#^TI6^*> 
P#&©^^?5*J&&fTofc:»£\ SeV18+/F(MMP#3) AM-GFP&USeV18+/F(MMP# 

bftV^ ^C^#T?HHlXl±l*^o7t^i^P> N F Q0IP#3) SOT QllfP#4> »!1*5V ^ 

ns&*#£v \ & v >f*n$& ©fs a ©stasis v w-c v ^ a «rffitt# 
in vivoimm&mx&msev^? t-omniite. mm>bx^4 ^n^peii 

et down«ffi^S^T**To7c 0 LLC-MK2/F7/M62-#33£6 well platet?{S(^=V 
h{C*i?gLfc#, AxCANCreSrMOI 5"C«U ^#32 < CT* 2 0 b 
fdo C©»^SeV18+/F(MMP#2) AM-GFP^V^4SeV18+/AM-GFP^rM0I Q.5"T?Jfi2fcb 
x SeV18VF(MMP#2) AM-GFPO#^f47.5Mg/niL(OTrypsin^50 U/mLOcollagenas 
e type IV^^jkff SrSSfcVflEll (lmL/well) T\ SeV18+/ AM-GFP<D|§^fi7. 5 
Aig/mL^Trypsin^^r^Jk^^^^VNMEM (lmL/well) 3 0^3210-? 

igUbfc #6well^Sr*i:«)-C±?S^lHlM x 2, 190gT?16^|BI31'b U EliRbfc 
±* ; Sr^0.45 J um7^;l'^--r'6iiU Ht40,000g"C30^IBJS'Cfbfco pellet 
£PBS 500 /i Lt?»» Utfli !>-r fr*m& bhtc 0 £©.fc5fc LXMM htcMX^M 
SeV-<* 9— <D? << ? — its SeV18+/F (MMP#2) A M-GFPS.t) ? SeV18+/ A VL-GFPX^fr^ 
fl. 1.3 X10 9 RXM.5 X10 9 GFP-CIU/ml/T? fcofc, MMM 1 7*5£tf 1 8T*f^SS 

bfc^/v^fiFSe«dS|8S$tb-C33?)«;SH4*^5. -©<£ 5 ftSeV£FM§i 
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SSeV*fcttja3feSSeVfc#.g B SeV18+/AM-GFP, SeV18+/F(MMP#2) A 

M-GFP > St^SeVlS+ZFOiPA) AM-GFP$\ ^ft-^tlSeV/AM-GFP, SeV/F(MMP#2) AM-G 
FP X SeV/F(uPA) AM-GFP bb$&fSrfZ> 0 

Exogenous experiment 

IfflM fcft-fr h zfu f7- tf &»1-6ii^JlR£Exogenous experiment t Pf 
■£» UTOMMMK^^Xffotc exogenous experiment (DXftffytt&R&jtt- 
o -^tm^S^#T^ofc^^^^moll»J{-*5V^T|E^Lfc 0 96 well 
plate (CLLC-MK2 ^confluent (5X10 5 cell/well) «fc 5 KJ8£Lfc. MEM 

T'2|h1»^ SeV [FW^M:1X10 5 CIU/ml'feL<{iF^^M:lxi0 7 particles 
/ml (HA&#;H«J2 5#88) ] ^fMEM£50/z IAPxl, HB#£PJS 
50/zlCD^nxT-^^fMEM^Px.fCo 37^"?^ Lfc e 4 0t, $bftg|&&K: 
T^OT>5^9$r^LfCo £fc, 1mm 2 <D«fcfc t) ©GFPO^UTV^^ll 
J^^T^^^bbfCo T'PfT-^tt, collagenase (collagenase type IV) fit IC 
N Biomedicals Inofr^ MMP2 (active MMP2) , MMP3, MMP7, MMP9 (active MMP9) 

Endogenous experiment 

^^£j$:££*SJ§^3 i |l|g£Endogenous experiment t V&& 0 £IT<DMMM\Z$S^ 
Xffotc endogenous experiment ©S*Kj*#JHSr^i"o -ttt gfcZgtftX'fT 
vtcW&ltttl^ft<DmMMfcm^XWMVtc 0 96 well plate (C#=!g»£con 
fluent (5X10 5 cell/well) fcfc* X 0 f£i## tfc e MEM"? 2 0&?f^ SeV [FM 
^M: 1X10 5 CIU/mlt>L<r4F#MaSl: 1X10 7 HAU/ml 2 5 $]$) ] 

^TMEM^50^1j!)Dx.> «$*fc e -®R#, #Hfifc:ffilHt& 1 % £ ft 5 J: 0 fcFBSfc 
mJEJPU/Co 4Bi, **WMlK:TJl3te©th535S9*«i*Ufc, Sfc, 1mm 2 ©jBB 
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#lft£fflfl&ifc-cH&J^ (Exogenous experiment) 

7 s o X T — £ £ (5 £ A/ if US! LT V * ft V ^LC-MK2» £ JB V , F«® K J: o 
T^07 e o^T-^^fe#^^M'a•S«^i:bTV^6^?r±|B^OExogeneou 
s experiment^ «/^£>fc (0 3 2) „ SeV/ AM-GFP, SeV/F(MMP#2) AM-GFP „ S 
eV/F(uPA) AM-GFP (D 3 HUcDMjfc^cDSeV (HilMl7) 1^ 
^F^^tb-^tV 0. 1 /x g/ml <D collagenase type IV (Clostridium histolyticum) 
, active MMP2, active MMP9, ^tcit uPA, 7.5Mg/ml Trypsin %1SQX. 

tc a 40^. M^«-t^U7^ 0 F£«LTW^SeV/AM-GFP&. trypsin 

&mmm^bhs #^mT'fc^synthitium»^Lfc (El 3 2 L) . WP&M 
IB^J5rFMeMt^a^A/f£SeV/F(MMP#2) AM-GFP&, collagenase, active MMP2, 
active MMP9^7JD^fcLLC-MK2-e*fflM-^M«^^btU, #^«T?fe5synthi 
tium£MLfc (HI3 2 E, F, M) 0 — jj, urokinase-type plasminogen activa 
tor (uPA) , tissue-type PA (tPA) ^|B^(I^FM&S^i|a^^^/cSeV/F(uPA) 
AM-GFP-Ctt, trypsinft&TX*mmM&mmm&*t>tl. $b^FM6®*«b 
fc^<l:tJ;o-CuPA1?#^»"eSb6synthitium^^Lfc (03 2 Q, R) „ r 
*ttt, ^tL^^^nxT-^^£«SB^J^FMe«tm^tf ^ £ K: «t ot, 

2 1 3 &mm(DWWmm,&gttteWffim&%l^ (Endogenous exper 

iment) 

MMP3§^»4£T*fc6HT1080 (t hlif^f (Morodomi, T. et al. (199 
2) Biochem. J. 285 (Pt 2), 603-611) , tPA^^t?fo5MKN28 (t hfl-&« 
&) (Koshikavra, N. et al. (1992) Cancer Res. 52, 5046-5053) , ^k^T* 
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eV^JEV^T Endogenous experiment^ £ 9 H^fTofco nftb£>»ife<£> b % 
, Wm\m\\^m$m (Cell No. RCBIOOO) <fcO> UK. HT1080 (ATCC No. CCL- 
121) , &£Xf SW620 (ATCC No. CCL-227) , ^t^^^T^^»J^ffl"t"^ SW4 
80 (ATCC No. CCL-228) , WiDr (ATCC No. CCL-218) , Panc-1 (ATCC No. CRL-14 
69) ATCC (American type culture collection) =fc *? frM- £ flit & <D 3r#3 V * 

(d^£l%£&3£5mS»*DLfc 0 i33tvTtJ:5^ MMP3§9M*HT108 
0TiiSeV/F(MMP#2) AM-GFPO^10^^±-?:O»^t>^^oTV^-C, tPABSW 
N28-e«SeV/F(uPA) A^FPOWMIIl£M^T>5# <9 ^#-bft5o £> 
©;/nT7-^©*m*>fcV^»620-cri£< J8lfe©T>5# 9 tt*fe*t*V\ 
[HJfcfll 2 2 ] Phorbol EstertfOMMP^^^ £ 5 MI^M^ 

l^S^ii&SflHfrSjh/tV^o -?rO^(iPhorbol Ester"e& 5 phorbol 12-myrista 
te 13-acetate (Pitt) ICfcoTin vitroT?#m-f"6 ^ £ j&Snrt&T?*)*. ^tf>MMP|g 
^O^^SSm^tl,fc^ftfc^»t5^l:^^^«>^N PMAf-£oTMMP2<D?gtt 
it b MMP9tf>iSl2£# s £n t> ttTV ^ 6 Pane I (MM**) SrfflV^\ F«M^MSeV-< 
^^-OjBBJSlIk^SlJflSlfe©^*!!^ (Zervos, E.E. et al. (1999) J. Surg. 
Res. 84, 162-167) . 96 well plate K PancI&cfclMfcO-M«£confluent 
(5X10 5 cell/well) fcfc* ± 5 «m 7^fmLfcSeV«r«Vvt 

Endogenous experiment^ £ 9 3)»*ffo*:. MEMT: 2 |3&»fK lloi=0. OlfcfcS 
J;9{axl0 5 CIU/mKDSeV^ MEM£50/z 1*P^ «£i£fc 0 1*1*50 1CD40 nM 
phobol 12-myristate 13-acetate (Sigma) fc^tHIHIfcJPfcfc. Ctf>B#s J#«Ifc 
MS 1 % ft S i 5 l-FBS£» Lfc 0 
MMP2, 90f|^m«gelatin^?Stt^ 5 6 < 3 gelatin zymogra 
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phy& (Johansson, S. , and Smedsrod, B. (1986) J. Biol. Chem. 261, 4363-43 
66) KtoTWlt JMttUttt. ZMtKDimoJSttttV. Sample bu 
fferXfeM bfco ft«^d 5 l mg/ml gelatin fc ft* J: 5 T * 0 A'T 5 KfcjRrft" U 
s 8% acrylamide gelfcfERLfc. SDSjH !) 7 ^ !>*T5 K*A4t»MMk 10 mM 
TrispH8.0, 2.5% Triton X-100T«Uc o GelatinasdSttfc* y 77- (50 
mM Tris, 0.5 mM CaCl 2 , lO" 6 M ZnCl 2 ) XZtCl BttStt* l%*-^7>- R-25 
0, 10%^^7-^-e^#.b7t (B3 4±/W o C#*HS (control) , 

T^20 nM PMK^XmMZfttc±.m*Zm^tc%><DX\ HTlOSOkPanc ITilMP9 
imViSK'X^ZZ.b&frfrZ* Panel -C^lu^*M©MMP2^fcB^^-CV^ 

(T/^/V) 5 SeV/F(MMP#2) AM-GFP^«bfcPanc If*. MMPfl* 

[«0iJ 2 3] In vivoK&tfZmMOMmm&tfeSeWWPm) AM-GFPtf>t>5 

HT1080©fi*5t— K^p-X-SrfESttLfco BALB/c nude mouse (charles river) 
©*flftt©&T£fc HT1080&5X10 6 cell (1X10 8 cell/ml £50 /U) 

&ALfc Q 7-90=^^^3 m&jB*.fc«fcarJSVVfc„ *^ttH^k*ftbfc 
#:»30~100mm 3 fcfclK ^CfcOT^FHSSISeVSrSO/* ltfttttfc l*«»ta 
ALfc: MEM mM) (N=5) , SeV-GFP (1X10 8 ClU/ml) Sr^tfMEM (N=5) , SeV 
/ AM-GFP (1X10 8 CIO/ml) ^r^tfMEM (N=7) , SeV/F(MMP#2) AM-GFP (IX 10 s CIU 
/ml) ^tfMEM (N=7) 0 2Bts (H3 5) . SeV-GFP 

s SeV/All^tt^Ufc^OO^i^^b^-^WW-t?** (03 5 E 
, H) o ^ft^2tUTSeV/F(MMP#2) A\HiFPX\tffi±WKfcfrZ>Z ktf®,&£frfc- 

(|3 5 K) o ifcfcLfcfcO-Ctt. SeV-GFP, SeV/ AM-GFP^» 1 o 1 0©M 
«®^^5cD(C*j-L-C, SeV/F(MMP#2) AM-GFPrii««^ }4o * 9 *T « 
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WFPO$§mtf>®»£NIH image iCiott^fc. *t£#fc*tt-*GFP38SIWfc 
<D%\&\*, SeV-GFP^10)k SeV/ A M-GFP^20%"C fo%><D KM LTSeV/F (MMP#2) A M-G 

FPft-^-e»9(*©iBJfe*s*fe*b v «?>i»ft«fe©ji;^!i#*B§Jifc (0 3 6) 0 

» LT»Jft»£S!JBSter±K £ if «ft $ ftT x - ©^#tti»©iEMH 

[lUfefcl 2 4 ] jS#J*- K"^?* J; 5F3fe^M££S!SeV"<^ ©tftf&jFSfcfc 
H 3 5 t ^{CHTIOSOS^-^ * SrflSgl LfCo 8* fct±9 0 H&&rtS3inmE*± 
©fi#£SfcU KT©4»OF|8S^V^50Ml*lfWfcK:SEAUfc: MEM (N=5) 
, SeV-GFP (1X10 8 ClU/ml) tr^tfMEM (N=5) , SeV/AM-GFP (1X10 8 CIU/ml^ 
tpMEM (N=7) , SeV/F(MMP#2) AM-GFP (1X10 8 ClU/ral) £r"£irAJEM (N=7) 0 2 B 
^5-^IH*^SeV^^«}cgEAbfc 6 *lB5fl:©*fr*©*S (a) * MM 
(b) „ J¥^ (c) Sri BfcftteW-SILfc, JftWHXtt* «n»fc*4U ffi*# 
aV=jc/6Xabc-Ctmtbfc 0 PBS, SeV-GFP, SeV/ AM-GFPteA^-lg^t < ft 6 
©t^Lt,' 0 3 7 T^Lfc £ 5 fc-<* i?-^^{cj[£^oi:v^7cSeV/F(MMP#2 

St? &p<o. 3 & £ jfctfc UT/h £\,^k vtc 0 z. tuzmmk 

ml<D&^Wk&(0 h V •7*SV&&1$ 50U/ml^>collagenase^(iV^o7c:jt%•ei#*^ 
EiRU F&BSISSeV'***— iUfc 1 7*5J:tfl 8 #$D . i-tlt 

AffcBjfctt, 10cm dishlC LLC-MK2/F7/M62/A|fflJ^Srconflueiit{c:^L7Co Hifc 
09 1 7-C*ifMLfc£F«M^»SeV £Moi=5tC&5 <£ 5 fO«£ii:fc 0 1B#TO 
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x JbaMMfrfl5t!>2ia mmm-V^L1t 0 4ml MEM^Px.32 e CT-i$*tfc 0 5 0t 
, ±»^&|ElJfcU Mfefe&&VMZ-f3:Z>£ 5fc Bovine Serum Albumin (BSA) £ 
Jqfcfc. HAU titer£»#, ^^T-70 o C-C^#bfc e *iVeH©F3fe«M^* 
MSeVfi 2 7 ~2 10 HAU/ml (1 HAU = 1X10 6 particles/ml ©^/V^ltWJWI* 
tb5©T? 1X10 8 ~1X10 9 particles/ml ©IW"tMaiR**U 
(9 1X10 8 particles/ml dfcfrttfco 

Exogeneous experiment ©fe*, LLC-MK2-©«>^ SeV/F(MMP#2) AM-GFPtt, 
MMP##ttH:* SeV/F(uPA) AM-GFPft, uPA^fcfttPA^ftlOifiH-*^ 
ftMX # r. £ ti*$M& £ tbfc (exogeneous protease ©f"- * £ ft V ^ 0 MMP 
3§9M*HT1080, tPA3§5M*MKN28, ^pt T-i?£& t ^^mbTV^^SW620T' 
N f7- £3§9I{C «fc SSftftfiSfea 5 PTt^ £ 5 d» ^endogenous experiments 
J^fWc (0 3 8) . SeV/F(MMP#2) AM-GFP{iMMP|g^HT1080-Tr«^f,tL 
ZiK tPA^mWN28-ett, !m&frt>ftfo\ SeV/F(uPA) AM-GFP«, tPA»m 

C^iS^J 2 6 ] Human fibroblast «fc <5MMP3, MMP7R*fc i 6F&»:£MSeV 

SW480i3 i tWTiDrttf ibroblast t #Jg*K t> L < f±in vivo-e<0«3lfc £ o T * 
tt-^ftMMPS, MMP7^ff^£ft5-£/^£*l/£^5 (Kataoka, H. et al. (1997) 

Oncol. Res. 9, 101-109; Mc Donnell, S. et al. (1999) Clin. Exp. Metastas 
is. 17, 341-349) 0 ^fttbOmmZfc^XinvivoX'F&mk&mSeV^t-C) 
mPk&^ik-fZfrifvfrM^feo 96 well plate Ic^rtt^etl^^^^conf lue 
nt (5 X 10 4 cell/well) fcfc* i 5 bfc 0 MEMt? 2 m&#^ 1 HAU/ml (1 

HAU=1X10 6 particles/ml ©l^'f/l'^ftl^t'C 1X10 6 particles/ml) £>F 
^M^SeV"^#MEM^50^1*P^, «3fe 5X10* cell/well KlftSJ: 5fc 

Normal human lung fibroblast (TAKARA) SrJO*., 4BP^37 < C-eJt*Lfc (HI 3 9 
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) o SW480& £ XMiDr $U 1 & iChuman fibroblast £rco-culture-f %>Z.bK£oX 
„ SeV/F(MMP#2) AM-GFP^^-r5i5^^ofc 0 lii*©jta&>&fcV^20-Ctf:-t 

(Galis, Z.S., andKhatri, J.J. (2002) Circ. Res. 90, 251-262; 
Martel-Pelletier, J. et al. (2001) Best Pract. Res. Clin. Rheumatol. 15, 
805-829) 0 

fr&m$eV^? ?~<DlM>M$l&)ffi$k%&%'fro 96 well plate \C human smooth m 
uscle cell (TAKARA) Srconfluent (5X10 5 cell/well) tdft^J; ? i-*g*Lfc 0 
MEM"C 2 H]?fe&#, SeV (F&mWM'- 1 HAU/ml(lX10 6 particle/ml) MEM£5 

*Lfc 0 1mm 2 ©»fc7c>9<DGFP(D|imUTV^«^!>^M-fc ®4 0) 
0 SeV/AM-GFPT*}itrypsin^nx.5- t fc£^X<Dfy&&%MVtc(DKttVX 
s SeV/F0WP82) Alf-GFP-ettcollagenase, MMP2, MMP3, miSPQX^fDm^luM^ 

[«M 2 8 ] F&W^MSeV^ ^-©yar7-if»FO|g 

mum 2 o T?Fgfe3ac^^teaisev^^ ^ti^/p TT~e#fimmz 

X^^U ^^tt£lT©*Ss"C?^Tofco SeV/AM, SeV/F(MMP#2) AM, SeV/F(uPA 
) A MO 3 Wf$k0 *7 4 J^T^Ff- ?rM0I=31?M^ r ^>**Bi*Lfc^/W*HBBJ6K^8ffe£ 
•Brfco i^2Bt, JiiKfrfciaJKU xl8500 g TfSXfflBJt^U -tOftS^SrPB 
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ST-SttA^LfCo ZMfl<DV4/V*Wmmz.l.5liz/^ VD^yy, 0.1 ng/m 
1 MMP9, 0.1 ng/ml uPA©;t«&{-ft5 <£ 1 l^u TX-1?£» U 37^ 30 
min WXm., y-y7^v7T-*lM7L. SDS-PAGE^^^/Vt Lfc 0 SDS-PAGE& 
^x^^-^Pyf-f ^^HSfe^o-C^foTc (Kido, H. et al. Isolati 
on and characterization of a novel trypsin-like protease found in rat bro 
nchiolar epithelial Clara cells. A possible activator of the viral fusion 
glycoprotein. J Biol Chem 267, 13573-9 (1992)) e ^fri^ffifcttSo©*! 
&&ffc<7^V (FFGAVIGT+Cys: 117-124, EAREAKRDIALIK: 143-155, CGTGRRPISQ 
DRS: 401-413; ^^^tuSB^J## : 4 6, 4 7. 4 8) Sr&a^trWilJ&§r#fc. 
2^#fcf4HRP««^:^1>-^gGtt# (ICN, Aurola, OH) &JBl\ 3§&©$ltM- 
f*(fc3*ilbfeifc (ECL Western blotting detection reagents; Amersham Bioscienc 
es. Uppsala, Sweden) &JBVV/S:. 04 1^f±. Ffc&^LTV^Mfc&MSeV ^ 
^*-,(l, 4, 7, 10), FfcWPfl2 EWSr#Abfcl0C*a!SeV^^- (2, 5, 8, 
11), Ft£uPAffi^J£*fALfcM&&MSeV (3, 6, 9,12) lr±|2©^nx 

T-«'37 C C. 30 #|?S]&SLfcit©^:l|tra s ^£;ft/tV^ 0 

H4 ia»e>£j&»*J:5fc* ^y7 p ^#&TTiiF^«b-rv^^v^M^MseV 

MMP#STT*f*F(c:MMP#2 ga^^A UtM&^SJSeV u 
PA#£TT*teF£uPASE?iJ£#ALfcM££§iSeV ^*-T\ ^tl^^AUfCT 0 
vTT-H&WfcftoXs Fl-©MWit3- oTV^o ^fc&^ftl^uPAlB 

?r4W(C-rSi:Fl^©M^J^btbfc 0 C*U2*«J 2 0 ©$jj|^<£ifcU F© 
/^^y^^^lJiiS !§£^©tt Ate P W ^ ©^ t fc£tt©*M&ME©Ik 

^TMkKte&v. ??y'<?tmtim(Dm&*&^iro *©»* mom^^ 
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XF<D=Hs7**—iS3l/i!)^t>Z>Z.bftMM~?h?>b £ftTV>5 (Russell, C.J 
. , Jardetzky, T. S. & Lamb, R. A. Membrane fusion machines of paramyxovirus 
es: capture of intermediates of fusion. Embo J 20, 4024-34 (2001)) „ 

Vj/VXK&^XF&XTfMOlMJ&WFt'fy (cytoplasmic domain) ZMZtZ 
<DM&M&±%-1rZ>^tfftbtlX\^Z> (Cathomen, T. , Nairn, H.Y. & Cattaneo, 
R. Measles viruses with altered envelope protein cytoplasmic tails gain c 
ell fusion competence. J Virol 72, 1224-34 (1998)) 0 ±y?4 VJ)V*\Z.io 

Xi^mfcZWmU pCAGGS3§m^*- (Niwa, H. et al. (1991) Gene. 108: 

193-199) Kmnvtc^ pckGGsmw^mm^hy^^y^^^^yu 

FOcytoplasmic domain^ M ofcgJWHtfirPH:. &,r<D^94^-K ioT. 

^tLmpcR£?rv\ mftznio i, Not i pcaggs^ * -ic 7 -r v- 

aVUc 0 Fct27 primer (5' -CCGCTCGAGCATGACAGCATATATCCAGAGA-3' /|B^J#"§- : 
4 9, 5' -ATAGTT^AGCGG€CGCTCATCTGAT(T^CXXJCTCTAATGT-3 , /@B^'J#'§" : 5 0), Fct 
14 primer (5' -CCGCTCGAGCATGACAGCATATATCCAGAGA-3' /IB?(J#^ : 5 1, 5' -ATAGT 
TTAGCGGC(XCTCACCTTCTGAGTCTATAAAGCAC-3' /IB^(1S"§" : 5 2), Fct4 primer (5'-C 
CGCTCGAGCATGACAGCATATATCCAGAGA-3VSa^J##: 5 3, 5' -ATAGTTTAGCGG(XGCTCAC 
CTTCTGAGTCTATAAAGCAC-3' /SH^lJ#-i- : 5 4) (Kobayashi M et al. J. Viol., vol 
77: 2607, 2003) 0 

mmm^<om^tc^ LLCMK2%L< itmi080mm^2A^^j^U- h-con 
fluent 9 fc£V^c 0 50m 1 0pti-MEM^LT3M 1 Fugene6^^L7c 0 

^-pCAGGSlgm^^ K^2/ig^^*OpCAGGS/EGFP?:^mx 0pti-MEM£Fugen6 

<Dm&mKMz.tc 0 mwLX*i5#rmm®. 500^1 MEM^^«mu/c24^^ 
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sV^U-h^WtiULtZo 37<C, 5%C0 2 X-mm%m®, HTIOSO©^ 1% FBS»M 
EM, LLCMK20#3-7.5jtig/ml Trypsin*. U< J±ti^S*Lfc»*©collagenase type 
IV (Clostridium) LfcMEMigtfJ^gm bfc e 48!*ITO*&s $J£®«© 

lOO^Wfcfc 0 (0. 3 cm 2 ) <DW& bfc Vy^f 9 A©$c£;*7 ? > h Lfc. t> L < 
te4% Paraformaldehyde^^ 2 B#MIK 70%^*/-/H 5#F5 
hematoxylin^^oM, TKftU AfcJt&fcbWSO. 3 cm 2 ^fc 

3S«©F©«ff ><OiK^^1t7 3: /SftE?"J«:04 2 (A) fc, ■£©© 
-£M-tt&04 2 (B)^^-T 0 04 2 (B)^i"J: 5 fc* F#»rCtt«*Lfc*M6tt* 

JJ&K >f ^14T 5: /BfcKlftS i 5 I-28T 3 y KSrB'JofcE^J©F^ W*JC ( 
Fctl4) iS*t>*©»^ll^*V^i i*SWb*^J&ofc 0 

3 0 ] F/HN^y 7 9 B»^«S:»II»K:±#**5 

y^^/i/^©3i^o— ^^^tts *BJiaw;±"eFtt3 4fl:7? % hn» 

4*ffc£7&fcb-Oi8»K *5£V^©» R/^ ^ (Ectodomain) fcitWI^^^Jf 
^LtffiS^ffll/tV^Sr ^^b^^o-CV>5 (Plemper, R.K., Hammond, 
A.L. & Cattaneo, R. Measles virus envelope glycoproteins hetero-oligomer 
ize in the endoplasmic reticulum. J Biol Chem 276, 44239-46 (2001)) „ HI 

F^HN©^y 7^^*f^u ®cmmm±fcmmm&?y^ttvxFk]i 

mom* y/*?xh<9, wmmnm? -cfc s r. J: 9 , 843(a) t'^-r 
£ 5 ic, 2 o©^Kii >f y ^»o«^±-eu«»^-TS J: 5 ? * 
W^fc^Lfc (Fctl4/HN) 0 F^W«^«:»^ffi©l*5^ofcFctl4«rffiV^ IS 
^^©2o©^>'/-?^©rfl(-50T5 /Ifc&»bft5 U ^#~lB?"J£r#Abfc (Fct 
14/Linker/HN) 0 r© D V*-|B^H:^©t^tt^©^^^ 



WO 03/093476 



111 



PCT/JP03/05528 



£*tfc^@a?lK*&>So (Simian immunodeficiency virus (SIVagm) OenvOcyt 
oplasmic domainOT ^ /^iB^JON^jg^CT^SSri^^UT^Lfcnon-sense ft 

&M&R^1t 0 ) 

F/HN^r * y 9 >s*?&fc¥<0%$L7°7 * 5 Ktf>ff »feOHIffl5r^Tt/Tt. F 
/HN=^ 7 * V/-^i»S^£pCA&GS^ ?-K%Wl bfc 0 Fitt5^&.tfHNiH£^4- 

F/HNjtfc^MfClSO bp £>y jf-^ (50 amino acid) Srif ALfc&O, L 
ftl^^f^LfCo ^T^7°7-r-v-Oia^JI:^-to Fjl^7 P 7-f^-(F-F: 
5' -ATCCGAATTCAGTTCAATGACAGCATATATCCAGAG-3' /WJ#-i§- : 5 5; Fctl4-R: 5' -AT 
CCGCGGCCGCCGGTCATCTGGAnAC^CATTAGC-S'/iH^J^-i- : 5 6) N Linker/HN 
yj-?— (Linker-HN-F: 5' -ATCCGCGGCCGCAATCGAGGGAAGGTGGTCTGAGTTAAAAATCAGGAG 
CMCGACGGAGGTGMGGACCAGAGGACG(XMCGAC(XACGGGGAMGGGGTGMCACATCCATATCCAGCC 
ATCTCTACCTGTTTATGGACAGAGGGTTAGG-3' /SH^lJ#-§" : 5 7, HN-R: 5' -ATCCGCGGCCGCT 
TAAGACTCGGCCTTGCATAA-3VIB^J#-i-: 5 8), Mfc^y^ (5* -ATCCGCGGCCG 
CAATGGATGGTGATAGGGGCA-3ViB^J#-§- : 5 9, 5' -ATCCGCGGCCGCnAAGACTCGGCCTTGC 
A-3ViB^J#-§-: 6 0) o 

m 4 3 (B) £ 9 K V BB^JOfcl^;* 7 * >v<* -e»ffiV^#|6Sr* 

•f-^iC^L-C!) ^-^ffA-rSrt^io-CFtHNSrW^ h 7l/X7x.* ^3 

^nfT^iaoTF^y/^P^oOf/^^ h (Fl, F2) icMgJ-TS- 

T*5 *) s hV ^>^35S*VvRffiTftt^< »^«!asftV\ 04 3 -e^bfcFctl4/Lin 
ker/HN^M 7 * ^MIPft^fcift'g-ffiSr«#1-5 ± 5 fc. Ftf> 
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S^Sa^JfcMLT&^£fWt 0 QuikChange™ Site-Directed Mutagenesis Kit ( 
Stratagene, La Jolla, CA) ioTEl 4 4 (A) (O «fc 5 £Mgf«<£T 5 / S£IE?lJ 
£&^Lfc 0 ^<7)g§[^T"#EUfcit^ ^of7- £5£)8fr^OFusion pe 
ptidetDK^lJ-efcSo ^7 ^ * y «M ^ <£>F^ ^^FlON^c^^ttFusion 
peptideWtftk ^Olt^ttMS-efcl?^ f©»7^M^\ F 
^w^^®«^^f^-r-5#^^$,5- £^^£ti/r^5 (Bagai, S. &L 
amb, R.A. A glycine to alanine substitution in the paramyxovirus SV5 fusi 
on peptide increases the initial rate of fusion. Virology 238, 283-90 (19 

97» 0 zotc&mmmmMZhx^znm^mmmmzfD^mftisit 

8fe^»Kt LTrf?Ji££ftTV^ffi^J-e;fc6o MMP#2, MMP2, 9<D#$PKffP 

LGMWS(7>|H^lJ$r7T— i^f^^W (phage display) X*m b/NC&ofcMMP9{C 
^)-f-5 3^irV1h^iE^J Pro-X-X-Hy-(Ser/Thr) K Ufc^oTPLGMTS, PQGMTSt 
«Lfc (^tt^E^-i- : 6 1*3^^6 2) « MMP#5teShneiderbO#£ (Am 
erican Society of Gene therapy, Annual meeting No. 1163 2002, Boston) <fc 
9PQGLYA (IH^JS-i-: 6 3) t Lfc 0 MMP#4«^^ ^Fusion peptide<Z>IEW& 
MMP#7(iMMP2|C^~f"5phage displayed b^C^ofc|3^JT*fc^o 
£ATl^ F/HNM^a^^FO^tt^^iSr^bfc^m^^^^ K©fiS^!¥ 
£ffl£^Lfc 0 F/HN®!-git^^«^. pBluscript F/HN±T\ FOfemkM&V 
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^g(DmA\aZ, QuikChange™ Site-Directed Mutagenesis Kit 
(Stratagene, La Jolla, CA) SrflJffl LTKitfcfBifeO^&fc^oTfT ofc. 

F(MMP#1): (5' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCCtGggGttATTCTTCGGT GC 
TGTGATTGGTACTATCG-3'/BB^J## : 64, 5' -CGATAGTACCAATCACAGCACCGAAGAATaa C 
ccCaGGccAagAggGGCATTTTGTGTCGTATCATTGGTGACAG-3' /SB^'J## : 6 5) , 
F (MMP#2) : (5' -CTGTCACCMTGATAQJACACAAMTGCCccTctTggCatGaCGAGtTTCTTCGGTGCT 
GTGATTGGTACTATC-3'/ia^J#^-: 3 2, 5' -GATAGTACCAATCACAGCACCGAAGAAaCTCGtCa 
tGccAagAggGGCATTTTGTGTCGTATCATTGGTGACAG-3'/iH^iJ#-§- : 3 3) % 
F (MMP#3) : (5' H^GTCACCMTGATA(XACACAAAATGCCccTctTggCCtGggGttATTCTTCGGTGCT 
GTGATTGGTACTATCG-3' /IE^J#-§- : 34, 5' -CGATAGTACCAATCACAGCACCGAAGAATaaCc 
cCaGGccAagAggGGCATTTTGTGTCGTATCATTGGTGACAG-3' /SE^OfHI" : 3 5), 
F (MMP#4) : (5' -CAAAATGCCGGTGCTCCCCcGTtGgGATTCTTCGGTGCTGTGATT-3' /K?lJ#-§- : 
3 6, 5' -MTCACAGCA(XGMGMTCcCaACgGGGGAGCACCGGCATTTTG-3' /IHM#"5§- : 3 7) 

F(MMP#5) : (5'-CTGTCACCAATGATACGACACAAAATGCCccTcagggCttGtatgctTTCTTCGGTGCT 

GTGATTGGTACTATC-3' /SH?lJ#^ : 66, 5' -GATAGTACCAATCACAGCACCGAAGAAagcataCa 

aGccctgAggGGCATTTTGTGTCGTATCATTGGTGACAG-3'/SB^J#-^ : 6 7) 

F (MMP#6) : (5' -CTGTCACCAATGATACGACACAAAATGCCccTcaaggCatGaCXJAGtTTCTTCGGTGCT 

GTGATTGGTACTATC-3 V@B^J#^- : 6 8, 5' -GATAGTACCAATCACAGCACCGAAGAA aCTCGt 

CatGccttgAggGGCATTTTGTGTCGTATCATTGGTGACAG-SVIH^iS-^ : 6 9) 

F(MMP#7): (5'- CTGTCACCAATGATACGACACAAAATGCCctTgcTtaCtataCGgctTTCTTCGGTGC 

TGTGATTGGTACTATC-3' ffiffig& : 70, 5' -GATAGTACCAATCACAGCACCGAAGAAagcCGt 

a taGtaAgcAagGGCArrTTGTGTCGTATCATTGGTGACAG-3V@H^J#-§- : 71) 

F (MMP#8) : (5' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCttGgCGAGaTTCTTCGGTGCT 

GTGATTGGTACTATC-3' /EWI#* : 72, 5' -GATAGTACCAATCACAGCACCGAAGAAtCTCGcC 
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aaGccAagAggGGCATTTTGTGTCGTATCATTGGTGACAG-3' /|H^J#-§- : 7 3 ) 

/hx**iB#3eft*74sa£Sr*u-cv^« 8 EcoRnwttiu pcaggs-* 

ZtiZtHDWMtt-t iBGFWte^ Sr^Tt-S^^ (pCAGGS/egfp 

^»j^ufc (04(b)) o ztibcomnK&mx'hzwz. -fn^r-wczz 

Fl^V/^^ON^^Hy-S/T-S/TSB^lJ (MTS) frtfMZtl&Z- bXh% 0 

r^i^Hy-s/T-s/Tia^J (ttnansBBI) <2tt7jp-T?&fttfx htiosoe&^mmp 

%o^m*%Wcvx\,^^i&m$n^£^jtbtiz>o mmp#i, #3, #4, 
#5, ,#7, *sj:twi8©#S\ »a^^<^b^^ofc 0 mmmx-r^x 

mztiz ^tfrb, FiizuwDSfrfc 3 r ^ y ww^r mmm'&w* <» 

•r-^&^£&V\5S, HT1080tf>Phorbol ester £ <fc Sli«P0>t88Hf <fcoTMMP#43Sv' 

§t>^r. <£>MMP#2, #6©E#|0>BteSB<0 JfcR £ t> £#6tf>Fusion peptidegB^J © 
fe 7# S £ 12# @ 0>E#I£Ga> bA— « LfcgB^JteoV^MIP«g## 
#jMM^ig£«'J£ Ufc (H 4 5 ) . r ©F/HNft^t^FO^ M^AKi^B Lfc 
=?<^S3^I«x 5' H^TCGGTGCTGTGATTGcTACTATCGCACTTGcAGTGGCGACATCAGCA 
C-3' 0E?U#*': 7 4) 5' -GTGCTGATGTCGCCACTgCAAGTGCGATAGTAgCAATCACA 

GCACCGAAG-3' (IE?IJ#-§- : 7 5) T?&>5 0 /hX**B#»*>4lfl£*^b'rV^ 
60 *a^^5K©»l«HLhfii:IBI*^ *ft**A«fcBcdRIT?9H) WU pC 
AGGS— v4 tf—fa i^rZ Z.kK£V trftofc 0 
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fi^ft£teMMP#6<£#£\ «g©7 e ^xT-^f^§^#TT^^M^^^^^ 
'(S^T < OF^>'^^^^4W^tTV^5C<^:-CfeSo Lj&»Lfc#fe* F*^ 
/<:*<0ltt£tt©±JM"S&ftfc LT^^ftTl^G^feA^O^ (Peisajovich 
, S.G., Epand, R.F. , Epand, R.M. & Shai, Y. Sendai virus N-terminal fusio 
n peptide consists of two similar repeats, both of which contribute to me 
mbrane fusion. Eur J Biochem 269, 4342-50 (2002)) bi^ALfc^ (# 
6G12A) N Hj-^fg^l 0^©l»TO>ttUofco £;h,e>©&#.fctK 

T*(4F^ W * tf>Stt Sr*£#1"S -f Fusiont£££: 5 V ^ C t & 

?«RSr : ffV^^^Sr*Sgi-«itd s 'BrtB-efe5. - ©pCAGGSfcWIftLfcF 

ctU/Linker/HN©^ t ± & » ^tV?? 

[HJfeM 3 2 ] lft-£tB&±# &MFMM^3feMSeV^V AcDNAfD^H 

mnm 2 9 *s * & 3 0 ^pcaggs-^ * - ttsis LfcF&3fc£i-5 - £ 

1 

V/F(MMP#6) AM-GFPlcMLTf4, tl^l 6 £ R«©^«fe"efTofe. FJUS^® 
gft^AfiSB?!!** : 69©;*- U dtXfUtir?- K£fflV\ LITMJSSall/Nhelf rg A M-G 
FP±T?QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, Lajolla, CA) 
£TO L-CKit fc|Hft©^jSfe^oTffofc 0 ^^^AUfcLITMUSSall/Nhelf 
rgAM-GFPOSal I, Nhe I Mfc&<D79 > V iF^^SU&^EGFPjt^Sr^ 
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ttl^£5J^"fc>^!>>f/V*^^y.kcDNA (pSeV+18/F-GFP:Li, H et al J. 
Viol. 74, 6564-6569 (2000), W0O00/70070) OSal iRXMie IX'ffiitVtcWMfc 
*$T&tt7 7 ? * fh£94?—5'a yU SeV/F(MMP#6) AM-GFP«)cDWASrfll3S8L 
fc (04 6). F^^<^Sf©MWK^>fV©28T5y**^fe$*fcl(*:^* 
ypsttJAsX (SeV(TDK)/Fctl4(MMP#6) AM-GFP) teXm/m**?***?*: 
LfcKfcffeSHr V ^ P -< ^ (SeV (TDK) / Fctl4 (MMP#6) /Linker/HN A M-GFP) 
(Dmm^^tv*- h^yjfJVJ^^cDM (pSeV (TDK) £#-?") ( 

#182002-272465) £ bfc 0 F* >v<* jC<DftU&K 4 ^Srtrancate 

LfcMrfc&SH^^V ^-f/V^SeV(TDK)/Fctl4(MMP#6) AM-GFPftOT<Z>£ 9 tflMfi 
Lfc„ TDK£#&^1-5fctf\ ^-fpSeV(TDK)/ AM-GFP£#fSlL7c 0 LITMUSSall/Nh 
eIfrgAM-<JFP^«^bT^7 P 7-r^- (Nhe-GFP-F: ATCCGCTAGCCCGTACGGCCAT 
GGTGAGCAAG (@fi?lj#^- : 94) tGFP-EIS-BssHII : ATCCGCGCGCCCGTACGATGAACTTTCA 
CCCTMGnTTTCTTACTACGGAGXTITACTTGTACAGCTCGTC (SH^J#-t : 95)) £4£oTPCR 
fcioTiifSLfcGFP/EIS (fe^H^^v'^^^^-KI-S EISB^J SrfWW U 
fcGFP) h-rfc?-? n— ny^fvf Y^WA "7 4 fVT* cDNA^rNhel, BssHII&SS: 

pSeV (TDK) / A M-GFP&flsR Lfc 0 

$ £> K^MmZlXYfU L7tpCAGGS/Fctl4 (MMP#6) /Linker/HN£i»Mfc Lf-a^cT* 
7^-^-Mlv-F: ATCCACGCGTCATGACAGCATATATCCAGAG (fi^9#* : 96) * RtfFctl 
4-EIS-Sal I: ATGCGTOGACACt&TGMCTTTCAGCCT^ G 
GATTACC (IH?lJ#-§- : 97) Sr^oTPCR^ ioTlti|>Ib7tFctl4(MMP#6)SrFjt^^ 
j&vbOfcFOtefffcifAx WfcU pSeV(TDK)/Fctl4(MMP#6) AM-GFP^r1i^Lfc ( 
|46) 0 ?/W**7?V;<t*&WL\^tM&m*y?4t74>i<* (pSeV( 

TDK) /Fctl4(MMP#6) /Linker/HN A M-GFP) ©*t6£rfTofc 0 GFPSr^fc LT^fife 
7°7-r-7- (Nhe-GFP-F: ATCCGCTAGCCCGTACGGCCATGGTGAGCAAG (@2?"J#-5§- : 98) 
GFP-EIS-Sal I : ATCCGCTAG(XXXjTACGATGMCTTTCACCCTMGTTTITC^ 
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CTTGTACAGCTCGTC (IE?iJ#-§- : 99)) £&oTPCRfc J;oT^#*gLfcGFP/EISt 1 w^' 
^^— ^y^iM jM^cDNA&Nhe I, Sal I&a&U 77^ 

(cSmUfc, pSeV(TDK)/AMAF-GFP£fmUfc 0 $ blC^Jfe«|31T?fmtfcFctl4 
(MMP#6)/Linker/HNSrilM^b-C, ^fifc/y'f ^-(F/HN5' Nhe-F: ATCCGCTAGCAGT 
TCAATGACAGCATATATCCAGAG : 100) , F/HN3' Nhe-EIS-R: ATCCGCTAGCACG 

ATGMCTTTCACCCTMGTTTTTCTTACTACTTnMGACTCGGCCTrGCATAA (|B^J#-^ : 101)) £ 
ffio XPCRK i o THUS LfcFctl4 (MMP#6) /Linker/HN^r JilBOpSeV (TDK) / AMAF-G 
FPCONhe HMfcfc: y y-iX a y-f -5 ^ <b J: o TpSeV (TDK) /Fctl4 (MMP#6) /Linke 
r/HN A M-GFP£$I^ Lfc e 

[«m 3 3 ] teMF«M^c§H? «m <nnm& tmm 

MMM 3 2 XMM LfccDNA^ b©!)^^ ©SflljfcfiLi b <DW& (Li, H. -0. e 
t al., J. Virology 74. 6564-6569 (2000), W000/7O070) KfeoX?to1t 0 Vfr 

u uw\ 17 1 mmm^mxh z> <dx\ m e * v y \m&-tz> 
vsmte^^-nm sstwn) fcnuaufc. ^/w^-aeiafm^ttcre/ioxp 

|§31f§^*xA£*IJJBL-CV^o StfV^T^fcCre DNA >J ^yt'Mia 
t) jt^^M#I ; Srfl^^i' ; 5 <£ 9 fcKfrS tWt7°7* 5 KpCALNdLv (Arai, T. e. 
t al., J. Virol. 72: 1115-1121 (1988)) fcfljffl LfcfctfVCfc «J % ^7*5 K 
£> M£Cre DNAU a V tf^— =Sr3&mi"5*&***.77V !7-f 

/V* (AxCANCre) £Saito b (Saito, I. et al. , Nucl. Acid. Res. 23, 3 

816-3821 (1995), Arai, T. et al. , J. Virol. 72, 1115-1121 (1998)) 

OT^>i 3fcfTofc 0 LLOMK2«£ 5X10 6 cells/'dish^lOOraro©^-- Wcif 
# % 24l$ra$*ffc. (psoralen) (365nm) -C20#MS 

l>fcT7# IJ 7— ^SrHmi-S 0 = Vlff-^ h 17 * V=T <7 W ^ (PLWUV-VacT7 
rFuerst, T.R. et al. , Proc. Natl. Acad. Sci. USA 83, 8122-8126 (1986)) 
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taaiTfm*liW3fe**fc (moi 2) o M*m&Lffi<oimx*ffifrist£&. 

% KpSeV/F(MMP#6) AM-GFP (lfeV^fipSeV(TDK)/Fctl4(MMP#6) AM-GFP, pSeV(TDK)/ 
Fctl4(MMP#6)/Linker/HN AM-GFP) , pGEM/NP, pGEM/P, pGEM/L (Kato, A. et al 

Genes cells 1, 569-579 (1996)) pGEM/M&tfpGEM/F-HN (Li, H.-0. et al., 
J. Virology 74. 6564-6569 (2000), WO00/70070) ttfl^fcAZng, 4/ig, 2m g 
, 4^g, 4/zgS.TJ ? 4/zg/ / dishOMJtTr0pti-MEM (Gibco-BRL, Rockville, MD) K 
WisM 1m g DNA/5juL(i^COSuperFect transfection reagent (Qiagen, Bothe 
11, WA) £AtlXW:&U ^rei5#«ei£, Stettin FBS£-£irOpti-MEM 

40/ig/mLO Cytosine j3-D-arabinofuranoside (AraC : Sigma, St. Louis, 
M0) RW. 5 n g/mLOTrypsin (Gibco-BRL, Rockville, MD) %^t£lXEMX*i£^Ltc 
. 24B#rs1*g*^ 8.5X10 6 cells/dishfcfc^tCF^e^^m-rSM (LLC- 
MK2/F7/M62/A :|Jlil2) U 40 /x g/mL<0 AraC&tH. 5m g/mLOTrypsi 

n^tfMEM-CH^2 BW37 c CT^*bfc (P0) 0 ^ftbtf>M£H]I&U 

h ^2mL/dishfefc V) CO 0pti-MEMi^@® LfCo <f l&gfcfif & 3 HI^«9 ^X. Lfc^, 
7 ^ if — h ^ (Dt. ^LLC-MK2/F7/M62/A}C f7^7i^^3yU 40 ju g/mLO 
AraC, 7. 5 /i g/mLcDTrypsinS.t^SOU/mLCOtype IV collagenase (ICN, Aurola, OH 
) ^^^( P SeV(TDK)/Fctl4(MMP#6)/Linker/HN AM-GFP<D#^trypsinO^)]feflf £ 
^£ft^MEM£J^32 0 CTit*L7c (PI) 0 3-1 4a&%m±m<D-U*t<9. 
gffc »g U7cLLC-MK2/F7/M62/A^^^ £ * % 40 m g/mLCO AraC, 7.5 m g/mLCOTry 
psin&tFSOU/mLtfHype IV collagenase?f^^-(pSeV(TDK)/Fctl4(MMP#6)/Linker/H 
N AM-GFPCO^trypsinO^)Jf[L^t^^^V^MEM^^V^32 e C-C^Lfc (P2) 0 

3 ~ 1 4 0 # (Cfrfc KlflRSE LfcLLC-MK2/F7/M62/AKff $ -8\ 7. 5 m g/mLtf>Tr 
ypsin£t*50U/mL©type IV collagenaseSrg* (pSeV (TDK) /Fctl4(MMP#6) /Linker 
/HN AM-GFPCO^trypsinW) jffl.^$r'^"^^V ,i MEM?r^V > >32 c C"tr 3~7 B FH^H 

Lit (P3) o !IIifXbfcig*±?t^«gl%{-^6J;5^BSA?:»L-80 < C^-C# 
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#bfc 0 fcfttJfrxmZjffl&U %<D'&<D£M%Xfiin vitroH&fcifcLfco 
&Ji<0£5\^ FaeWMSBMfcSrPLGMTS (I&WI- : 61) ^bPQGMTS (SE^# 

-§-:62) ^LfcSeV/F(MMP#6) AM-GFP, cytoplasmic domain Z^iJofcS 

eV(TDK)/Fctl4(MMP#6) AM-GFP N *3j;t>T/HNO^^ 7 * LfcSeV(TDK) 

/Fctl4 (MMP#6) /Linker/HN A IHJFP©f^RlC^53b Lfc 0 

[HifeM 3 4] ^^SF«M^^Mir^y-f *"-0>*£*tt©-t 

# 

W9(D^m<Dm 0 ftftftlfitt t MMPCDUm^^ fcB $ ft ft V ^CMK2^« S * 
iHlfi]B^tt%lltU (04 7) 0 (HT1080, U87MG, A172, U251, SW 

480, LLCMK2) WWfe «t 0 Jt^&;h/fc#«rC24well plate^confluent 
5fc*VVfco U87MG (ATCCNO. HTB-14), A172 (ATCC No. CRL-1620) fiATCC J; •? 
iAtfc. U251 (IF050288) &JCRB cell bank «fc?)&AL7t 0 MEMJgifc-C 2 Hlgfc 

*tl?frmfr£M J t>-?<4V<</l'X^?*>- (SeV/AM-GFP) &MDI=0. IT? 
filfe^-frfc. 1 l*WiWKk WMmmX'fcftl^ 0.5 ml<m%FBS»MEM£24 

well plateldWfcfc. 48l$Ntt$& f9^#ft©100fl&Wfc;fc. «5 (0. 3 cm 2 )0 
jlfcg- Ufcixy ^ £ J»<D%i;*l> Vl/hVtCo *> U < r±4«Paraf oraaldehydeSrft^ 
LT2P#ffl@^S£?Tftofc^ 70*^*/— /K SRS*flKft^s 5#Mhematox 
yliiOfefe*ffV\ jjc«fe9U i/y^^AW^LTVN§0.3 cm 2 Sfci?^^^ 
* £ > h Lfdo jfefrSrlH 4 9 Ktf Lfc 0 

MMP2, 90|S^tt^lJS^!l 2 2 t?fro fcgelatin zymography (31 £ o X%h*t>tz. (M 
4 8) „ -tOJfe*. HT1080, U87MG, A172TW2<£3§§i«l§ £ftfc 0 £fcU25l£ 
SW480t?<£V W9©^SS^ s ?t»$^o LLXM2t?MMP2©H^fc5 «fc 5 
ttlKtoi&Sr&A/T^Sfcfc, jkM*©IMP2©igtfe&UL*.TV*S 0 Jt*i-€*l©ftHH 
»«2 0t, <HT©Jfca*?>£«&Ufc. «M^SeV/F(MMP#2) 
AM-GFPt?ttJ£^b^^o^U251, SW480fc:fc^r&ft3!F&23(fc^'fe^'( V 
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sf/VX^L??^- (SeV (TDK) /Fctl4 (MMP#6) /Linker/HN A M-GFP) XM&fi5&&& b 
thZ>£?Kteit£ 0 -r— ^T-(i^$^V^S N Xtift&Lewis lung carcinoma, 

\zt 5 £ t \z i o x £ b ft 6 £ {£ v ^©mmp ^^mm is 



WO 03/093476 



121 



PCT/JP03/05528 



l-c*s 9, (b) ssctFiaftfcor, 

o 

2. ^^^"Cfc^x 1 

7. ^nr7- t?fcJ:oTllS£;h,5RflW s » Pro-Leu-Gly N Pro-Gln-Gly, * 
fiVal-Gly-ArgSr^tP* 1 6 ©V tlfr\Z.^M<D&&fco 
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(i) ^7 ^ y y t>^^o^MMMe^?ri§m-r6«^v^, 
a. 

(ii) ^©J^i^titttH^fe^^^tt^iia^tsm Sr^tf** 

o 

11. ^y^^y^-f/V^^yyARNA-efcoT, (a) &#ft£&&#1'5Ma 
eKSr=»-KU (b) »ISftfeot, ttHBfCoHSH&fc^KRW* 
Sfr&fSFS SS^TO L&lV/n xT— i?M «t otli^ tv6IH^J{3lg^ £ flit 

^^A$^c»I^T^VARNA^mM-r6^^U (2) tert^ 
^V^^^/V^Wm^Wjti^T^fc^^UTjb^, (3) iynf 

foots 
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12. IS (i) £35TOT-T:1t5, »#mo*fcttllfcB«©m 

13. Ig (i) ~ (ii) <D'pt£< kh^-ttlfr<D!%Mz&^X&&£F : m&K% 

mm&it57vTT~vz&&£-®zi>\ fcsv^ig ai) fc*5vvtiaife**L 

14. IS (i) ^43V^^«^lTvN 0 y ^^yt^xf^^^F^SKSr^ 

$-&s is a) ~ (ii) <D'>t£< t^-ftifr<Df$M\z&m&.m t m&M%mwi: 

t5/of7«-f|r#fi$t5K fcS^ttlg (ii) £&V^[E]ifc£*Lfc?-f 

16. A°7^y ^-r^FSeSogfeSgSeffCfeoT, K«^Pro-Leu-Gl 
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<110> DNAVEC RESEARCH INC. 

<120> A vector with an altered tropism of protease dependency 

<130> D3-A0202P 

<150> JP 2002-129351 

<151> 2002-04-30 

<160> 101 

<170> Patentln version 3. 1 

<210> 1 

<211> .3 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence proteolytic cleavage 

<400> 1 
Met Thr Ser 
1 
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<210> 2 

<211> 3 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for proteolytic cleavage 
<220> 

<221> misc_feature 

<222> (2).. (2) 

<223> The 'Xaa' at location 2 stands for Leu or Gin. 

<400> 2 
Pro Xaa Gly 
1 
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mutagenesis of the Sendai virus 

<400> 11 

gaaacaaaca accaatctag agagcgtatc tgacttgac 



<210> 12 

<211> 39 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 12 

gtcaagtcag atacgctctc tagattggtt gtttgtttc 



39 



WO 03/093476 
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<210> 13 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 13 

attacggtga ggagggctgt tcgagcagga g 

<210> 14 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 14 

ctcctgctcg aacagccctc ctcaccgtaa t 



31 



WO 03/093476 
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<210> 15 

<211> 33 
<212> DNA 
<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 15 

ggggcaatca ccatatccaa gatcccaaag acc 



<210> 16 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 16 

ggtctttggg atcttggata tggtgattgc ccc 



33 



WO 03/093476 



10/55 



PCT/JP03/05528 



<210> 17 

<211> 37 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 17 

catgctctgt ggtgacaacc cggactaggg gttatca 

<210> 18 

<211> 37 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 18 

tgataacccc tagtccgggt tgtcaccaca gagcatg 



37 



WO 03/093476 



11755 



PCT/JP03/05528 



<210> 19 

<211> 41 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 19 

cttgtctaga ccaggaaatg aagagtgcaa ttggtacaat a 41 

<210> 20 

<211> 41 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



<400> 20 

tattgtacca attgcactct tcatttcctg gtctagacaa g 



41 



WO 03/093476 
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<210> 21 

<211> 14 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for immunization 

<400> 21 

Met Ala Asp He Tyr Arg Phe Pro Lys Phe Ser Tyr Glu Cys 
1 5 10 

<210> 22 

<2U> 13 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for immunization 

<400> 22 

Leu Arg Thr Gly Pro Asp Lys Lys Ala He Pro His Cys 
1 5 10 



WO 03/093476 



13/55 



PCT/JP03/05528 



<210> 23 

<211> 14 
<212> PRT 
<213> Artificial 

<220> 

<223> artificially synthesized sequence for immunization 
<400> 23 

Cys Asn Val Val Ala Lys Asn He Gly Arg He Arg Lys Leu 
1 5 10 

<210> 24 

<211> 48 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 24 

agagtcactg accaactaga tcgtgcacga ggcatcctac catcctca 48 



WO 03/093476 
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<210> 25 

<211> 48 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 25 

tgaggatggt aggatgcctc gtgcacgatc tagttggtca gtgactct 48 

<210> 26 

<211> 55 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for amplifing hygromycin 
resistant gene 

<400> 26 

tctcgagtcg ctcggtacga tgaaaaagcc tgaactcacc gcgacgtctg tcgag 55 



WO 03/093476 



15/55 
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<210> 27 

<211> 83 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for amplifing hygromycin 
resistant gene 

<400> 27 

aatgcatgat cagtaaatta caatgaacat cgaaccccag agtcccgcct attcctttgc 60 
cctcggacga gtgctggggc gtc 83 

<210> 28 

<211> 22 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from Sendai virus 



<400> 28 

ccaatctacc atcagcatca gc 



22 



WO 03/093476 
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<210> 29 

<211> 21 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from Sendai virus 

<400> 29 

ttcccttcat cgactatgac c 21 



<210> 30 

<211> 22 

<212> DNA 

<213> Artificial 



<220> 

<223> artificially synthesized sequence derived from Sendai virus 



<400> 30 

agagaacaag actaaggcta cc 



22 



WO 03/093476 
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<210> 31- 

<211> 6 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence for proteolotic cleavage 
<400> 31 

Pro Leu Gly Leu Gly Leu 
1 5 

<210> 32 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 32 

ctgtcaccaa tgatacgaca caaaatgccc ctcttggcat gacgagtttc ttcggtgctg 60 
tgattggtac tatc 74 



WO 03/093476 
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<210> 33 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 33 

gatagtacca atcacagcac cgaagaaact cgtcatgcca agaggggcat tttgtgtcgt 60 
atcattggtg acag 74 



<210> 34 

<211> 75 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 34 

ctgtcaccaa tgatacgaca caaaatgccc ctcttggcct ggggttattc ttcggtgctg 60 



WO 03/093476 
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tgattggtac tatcg 75 



<210> 35 

<211> 75 

<212> DNA 

<213> Artificial 



<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 35 

cgatagtacc aatcacagca ccgaagaata accccaggcc aagaggggca ttttgtgtcg 60 
tatcattggt gacag 75 



<210> 36 

<211> 45 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



WO 03/093476 
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<400> 36 

caaaatgccg gtgctccccc gttgggattc ttcggtgctg tgatt 45 

<210> 37 

<211> 45 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 37 

aatcacagca ccgaagaatc ccaacggggg agcaccggca ttttg 45 

<210> 38 

<211> 50 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 



WO 03/093476 PCT/JP03/05528 
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<400> 38 

gacacaaaat gccggtgctc ccgtggggag attcttcggt gctgtgattg 50 



<210> 39 

<211> 50 

<212> DNA 

<213> Artificial 

<220> 

<223> artificially synthesized sequence used in site directed 
mutagenesis of the Sendai virus 

<400> 39 

caatcacagc accgaagaat ctccccacgg gagcaccggc attttgtgtc 50 



<210> 40 

<211> 11 

<212> PRT 

<213> Artificial 



<220> 
<223> 



artificially synthesized sequence derived from F protein of 
Sendai virus 



WO 03/093476 



PCT/JP03/05528 



22/55 

<400> 40 

Gly Val Pro Gin Ser Arg Phe Phe Gly Ala Val 
1 5 10 

<210> 41 

<211> 13 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from mutagenized F 
protein of Sendai virus 

<400> 41 

Gly Val Pro Leu Gly Met Thr Ser Phe Phe Gly Ala Val 
1 5 10 



<210> 42 

<211> 13 

<212> PRT 

<213> Artificial 



<220> 
<223> 



artificially synthesized sequence derived from mutagenized F 



WO 03/093476 



23/55 



PCT/JP03/05528 



protein of Sendai virus 
<400> 42 

Gly Val Pro Leu Gly Leu Gly Leu Phe Phe Gly Ala Val 
1 5 10 

<210> 43 

<211> 10 

<212> PRT 

<213> Artificial 

<220> 

<223> artificially synthesized sequence derived from mutagenized F 
protein of Sendai virus 

<400> 43 

Gly Val Pro Leu Gly Phe Phe Gly Ala Val 
1 5 10 

<210> 44 

<211> 11 

<212> PRT 

<213> Artificial 
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<220> 

<223> artificially synthesized sequence derived from mutagenized F 
protein of Sendai virus 

<400> 44 

Gly Val Pro Val Gly Arg Phe Phe Gly Ala Val 
1 5 10 

<210> 45 

<211> 16 

<212> PRT 

<213> Artificial 

<220> 

<223> amphiphilic alpha-helix domain of Sendai virus 
<400> 45 

Lys Ala Cys Thr Asp Leu Arg He Thr Val Arg Arg Thr Val Arg Ala 
1 5 10 15 

<210> 46 
<211> 8 
<212> PRT 
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<213> Artificial 
<220> 

<223> a synthetic polypeptide 
<400> 46 

Phe Phe Gly Ala Val lie Gly Thr 
1 5 



<210> 47 

<211> 13 

<212> PRT 

<213> Artificial 

<220> 

<223> a synthetic polypeptide 

<400> 47 

Glu Ala Arg Glu Ala Lys Arg Asp He Ala Leu He Lys 
1 5 10 



<210> 48 



WO 03/093476 
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<211> 13 

<212> PRT 

<213> Artificial 

<220> 

<223> a synthetic polypeptide 

<400> 48 

Cys Gly Thr Gly Arg Arg Pro He Ser Gin Asp Arg Ser 
1 5 10 

<210> 49 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer 

<400> 49 

ccgctcgagc atgacagcat atatccagag a 



<210> 50 



WO 03/093476 
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<211> 40 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer 

<400> 50 

atagtttagc ggccgctcat ctgatcttcg gctctaatgt 

<210> 51 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer 

<400> 51 

ccgctcgagc atgacagcat atatccagag a 



<210> 52 
<211> 40 
<212> DNA 



WO 03/093476 
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<213> Artificial 
<220> 

<223> a synthetic primer 

<400> 52 

atagtttagc ggccgctcac cttctgagtc tataaagcac 

<210> 53 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer 

<400> 53 

ccgctcgagc atgacagcat atatccagag a 

<210> 54 

<211> 40 

<212> DNA 

<213> Artificial 



WO 03/093476 
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<220> 

<223> a synthetic primer 
<400> 54 

atagtttagc ggccgctcac cttctgagtc tataaagcac 

<210> 55 

<211> 36 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer, F-F 
<400> 55 

atccgaattc agttcaatga cagcatatat ccagag 

<210> 56 

<211> 36 

<212> DNA 

<213> Artificial 

<220> 

<223> Fctl4-a synthetic primer, Fctl4-R 



WO 03/093476 
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<400> 56 

atccgcggcc gccggtcatc tggattaccc attagc 36 



<210> 57 

<211> 152 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer, Linker-HN-F 
<400> 57 

atccgcggcc gcaatcgagg gaaggtggtc tgagttaaaa atcaggagca acgacggagg 60 
tgaaggacca gaggacgcca acgacccacg gggaaagggg tgaacacatc catatccagc 120 
catctctacc tgtttatgga cagagggtta gg i52 



<210> 58 

<211> 33 

<212> DNA 

<213> Artificial 



WO 03/093476 
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<220> 

<223> a synthetic primer, HN-R 
<400> 58 

atccgcggcc gcttaagact cggccttgca taa 

<210> 59 

<211> 32 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer 
<400> 59 

atccgcggcc gcaatggatg gtgatagggg ca 

<210> 60 

<211> 30 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic primer 



WO 03/093476 PCT/JP03/05528 
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<400> 60 

atccgcggcc gcttaagact cggccttgca 

<210> 61 

<211> 6 

<212> PRT 

<213> Artificial 

<220> 

<223> MMP cleavage sequence 
<400> 61 

Pro Leu Gly Met Thr Ser 
1 5 



<210> 62 

<2U> 6 

<212> PRT 

<213> Artificial 



<220> 
<223> 



MMP cleavage sequence 



WO 03/093476 PCT/JP03/05S28 
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<400> 62 

Pro Gin Gly Met Thr Ser 
1 5 

<210> 63 

<2U> 6 

<212> PRT 

<213> Artificial 

<220> 

<223> MMP cleavage sequence 
<400> 63 

Pro Gin Gly Leu Tyr Ala 
1 5 



<210> 64 

<211> 75 

<212> DNA 

<213> Artificial 



WO 03/093476 
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<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 64 

ctgtcaccaa tgatacgaca caaaatgccc ctcttggcct ggggttattc ttcggtgctg 
tgattggtac tatcg 



<210> 65 

<211> 75 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 65 

cgatagtacc aatcacagca ccgaagaata accccaggcc aagaggggca ttttgtgtcg 
tatcattggt gacag 



<210> 66 
<211> 74 
<212> DNA 



WO 03/093476 
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<213> Artificial 
<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 66 

ctgtcaccaa tgatacgaca caaaatgccc ctcagggctt gtatgctttc ttcggtgctg 
tgattggtac tatc 

<210> 67 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 67 

gatagtacca atcacagcac cgaagaaagc atacaagccc tgaggggcat tttgtgtcgt 
atcattggtg acag 



<210> 68 
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<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 68 

ctgtcaccaa tgatacgaca caaaatgccc ctcaaggcat gacgagtttc ttcggtgctg 
tgattggtac tatc 



<210> 69 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 69 

gatagtacca atcacagcac cgaagaaact cgtcatgcct tgaggggcat tttgtgtcgt 
atcattggtg acag 



WO 03/093476 
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<210> 70 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 70 

ctgtcaccaa tgatacgaca caaaatgccc ttgcttacta tacggctttc ttcggtgctg 
tgattggtac tatc 

<210> 71 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 



<400> 71 

gatagtacca atcacagcac cgaagaaagc cgtatagtaa gcaagggcat tttgtgtcgt 



60 
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atcattggtg acag 

<210> 72 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 72 

ctgtcaccaa tgatacgaca caaaatgccc ctcttggctt ggcgagattc ttcggtgctg 
tgattggtac tatc 

<210> 73 

<211> 74 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 73 



WO 03/093476 



39/55 



PCT/JP03/05528 



gatagtacca atcacagcac cgaagaatct cgccaagcca agaggggcat tttgtgtcgt 
atcattggtg acag 

<210> 74 

<211> 50 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 74 

cttcggtgct gtgattgcta ctatcgcact tgcagtggcg acatcagcac 

<210> 75 

<211> 50 

<212> DNA 

<213> Artificial 

<220> 

<223> a synthetic oligonucleotide used for mutagenesis 
<400> 75 



WO 03/093476 PCT/JP03/05528 
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gtgctgatgt cgccactgca agtgcgatag tagcaatcac agcaccgaag 50 



<210> 76 

<211> 49 

<212> PRT 

<213> Artificial 

<220> 

<223> a partial sequence of Sendai virus F protein 
<400> 76 

Val He Val He Val Leu Tyr Arg Leu Lys Arg Ser Met Leu Met Gly 
15 10 15 

Asn Pro Asp Asp Arg He Pro Arg Asp Thr Tyr Thr Leu Glu Pro Lys 
20 25 30 

He Arg His Met Tyr Thr Lys Gly Gly Phe Asp Ala Met Ala Glu Lys 
35 40 45 



Arg 



WO 03/093476 
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<210> 77 

<211> 34 

<212> PRT 

<213> Artificial 



<220> 

<223> a partial sequence of Sendai virus F protein 



<400> 77 



Val He Val He Val Leu Tyr Arg Leu Lys Arg Ser Met Leu Met Gly 
15 10 15 

Asn Pro Asp Asp Arg He Pro Arg Asp Thr Tyr Thr Leu Glu Pro Lys 
20 25 30 

He Arg 



<210> 78 

<211> 21 

<212> PRT 

<213> Artificial 



<220> 



WO 03/093476 
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<223> a partial ' sequence of Sendai virus F protein 



<400> 78 

Val He Val. He Val Leu Tyr Arg Leu Lys Arg Ser Met Leu Met Gly 
15 10 15 

Asn Pro Asp Asp Arg 
20 



<210> 79 

<211> 11 

<212> PRT 

<213> Artificial 

<220> 

<223> a partial sequence of Sendai virus F protein 

<400> 79 

Val He Val He Val Leu Tyr Arg Leu Lys Arg 
1 5 10 



<210> 80 



WO 03/093476 



43/55 



PCT/JP03/05528 



<2U> 50' 
<212> PRT 
<213> Artificial 

<220> 

<223> a linker sequence 
<400> 80 

Ala Ala Ala He Glu Gly Arg Trp Ser Glu Leu Lys He Arg Ser Asn 
15 10 15 

Asp Gly Gly Glu Gly Pro Glu Asp Ala Asn Asp Pro Arg Gly Lys Gly 
20 25 30 

Val Gin His He His He Gin Pro Ser Leu Pro Val Tyr Gly Gin Arg 
35 40 45 

Val Arg 
50 



<210> 81 ' 

<211> 12 

<212> PRT 

<213> Artificial 
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<220> 

<223> F protein cleavage site 
<400> 81 

Ala Gly Val Pro Gin Ser Arg Phe Phe Gly Ala Val 
1 5 10 

<210> 82 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 
<400> 82 

Ala Pro Leu Gly Leu Trp Ala Phe Phe Gly Ala Val 
1 5 10 

<210> 83 
<211> 12 



WO 03/093476 
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<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 

<400> 83 

Ala Pro Leu Gly Met Thr Ser Phe Phe Gly Ala Val 
1 5 10 

<210> 84 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 
<400> 84 



Ala Pro Leu Gly Leu Gly Leu Phe Phe Gly Ala Val 
1 5 10 



WO 03/093476 PCT/JP03/05528 
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<210> 85 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 

<400> 85 

Ala Gly Val Pro Pro Leu Gly Phe Phe Gly Ala Val 
1 5 10 



<210> 86 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 

<400> 86 



Ala Pro Gin Gly Leu Tyr Ala Phe Phe Gly Ala Val 
1 5 10 
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<210> 87 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 

<400> 87 

Ala Pro Gin Gly Met Thr Ser Phe Phe Gly Ala Val 
1 5 10 

<210> 88 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 



<400> 88 



WO 03/093476 
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Ala Leu Ala Tyr Tyr TKr Arg Phe Phe Gly Ala Val 
1 5 . 10 

<210> 89 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 

<400> 89 

Ala Pro Leu Gly Leu Ala Arg Phe Phe Gly Ala Val 
1 5 10 

<210> 90 

<211> 23 

<212> PRT 

<213> Artificial 



<220> 
<223> 



F protein cleavage site 
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<400> 90 

Gin Ser Arg Phe Phe Gly Ala Val He Gly Thr He Ala Leu Gly Val 
15 10 15 

Ala Thr Ser Ala Gin He Thr 
20 



<210> 91 

<2U> 26 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 
<400> 91 

Pro Leu Gly Met Thr Ser Phe Phe Gly Ala Val He Gly Thr He Ala 
15 10 15 

Leu Gly Val Ala Thr Ser Ala Gin He Thr 
20 25 
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<210> 92 

<211> 26 

<212> PRT 

<213> Artificial 

<220> 

<223> F protein cleavage site 
<400> 92 

Pro Gin Gly Met Thr Ser Phe Phe Gly Ala Val He Gly Thr He Ala 
1 5 10 15 

Leu Gly Val Ala Thr Ser Ala Gin He Thr 
20 25 

<210> 93 
<211> 26 
<212> PRT 
<213> Artificial 

<220> 

<223> F protein cleavage site 
<400> 93 
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Pro Gin Gly Met Thr Ser Phe. Phe Gly Ala Val He Ala Thr He Ala 
15 10 15 

Leu Ala Val Ala Thr Ser Ala Gin He Thr 
20 25 

<210> 94 
<211> 32 
<212> DNA 
<213> Artificial 

<220> 

<223> an artificially synthesized oligonucleotide 
<400> 94 

atccgctagc ccgtacggcc atggtgagca ag 

<210> 95 

<211> 72 

<212> DNA 

<213> Artificial 

<220> 
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<223> an artificially synthesized oligonucleotide 
<400> 95 

atccgcgcgc ccgtacgatg aactttcacc ctaagttttt cttactacgg agctttactt 
gtacagctcg tc 

<210> 96 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized oligonucleotide 
<400> 96 

atccacgcgt catgacagca tatatccaga g 

<210> 97 

<211> 66 

<212> DNA 

<213> Artificial 

<220> 
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<223> an artificially synthesized oligonucleotide 
<400> 97 

atccgtcgac acgatgaact ttcaccctaa gtttttctta ctactttaac ggtcatctgg 
attacc 

<210> 98 

<211> 32 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized oligonucleotide 
<400> 98 

atccgctagc ccgtacggcc atggtgagca ag 

<210> 99 

<211> 72 

<212> DNA 

<213> Artificial 

<220> 
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<223> an artificially synthesized oligonucleotide 
<400> 99 

atccgctagc ccgtacgatg aactttcacc ctaagttttt cttactacgg agctttactt 
gtacagctcg tc 

<210> 100 

<211> 36 

<212> DNA 

<213> Artificial 

<220> 

<223> an artificially synthesized oligonucleotide 
<400> 100 

atccgctagc agttcaatga cagcatatat ccagag 

<210> 101 

<211> 67 

<212> DNA 

<213> Artificial 

<220> 
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<223> an artificially synthesized oligonucleotide 
<400> 101 

atccgctagc acgatgaact ttcaccctaa gtttttctta ctacttttaa gactcggcct 60 



tgcataa 
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DESCRIPTION 

VECTORS WITH MODIFIED PROTEASE -DEPENDENT TROPISM 

5 Technical Field 

The present invention relates to cell fusion vectors with 
modified protease -dependent tropism, and methods for producing the 
same . The vectors of this invention are useful as gene therapy vectors 
that show cancer-specific infection. 

10 

Background Art 

Development of gene therapy for cancer has been advancing in 
recent years. Hitherto, the present inventors have developed gene 
therapy vectors using the Sendai virus (SeV) . SeV is a virus of the 

15 paramyxovirus family and belongs to a group of viruses comprising 
nonsegmented negative strand RNA as its genome. Paramyxoviral 
vectors enable high transf ection rate and overexpression of foreign 
genes, and are expected to serve as gene therapy vectors for cancer. 
To date, a number of cancer therapies using paramyxovirus have been 

20 performed. For example, BHK21 cells infected with Mumps virus were 
observed to show anti-tumor effects in tumor-bearing nude mice (Minato, 
N. etal., J. Exp. Med. 149, 1117-1133, 1979). Similarly, antitumor 
effects have been reported in other paramyxoviruses. Recently, the 
antitumor effects of fusogenic proteins are attracting attention. 

25 Galanis et al . reported that cancer cells infected with an adenoviral 
vector that carries the F and HN proteins of measles virus form syncytia, 
resulting in antitumor effects in vivo (Galanis, E. et al. , Hum. Gene 
Ther. 12, 811-821, 2001). 

Needless to say, cancer that does not metastasize can be treated 

30 by surgically removing that portion, and metastatic cancer and 
malignant cancer are considered synonymous . Infiltrating metastatic 
cancers are known to overexpress matrix metal loprotease (MMP) and/or 
plasminogen activators (uPA, tPA) (Cox, G. , and O'Byrne, K.J., 
Anticancer Res. 21, 4207-4219, 2001; Andreasen, P. A. et al . , Cell 

35 Mol . Life. Sci. 57, 25-40, 2000). This overexpression is believed 
to occur due to the fact that infiltration and metastasis become 
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possible only after the surrounding extracellular matrix (ECM) , which 
is an obstacle preventing cell transposition during metastasis and 
infiltration of cancer cells, is degraded through the expression of 
enzymes (MMP, uPA, tPA) that degrade the ECM by cancer. 
5 On the other hand, three problems have been raised regarding 

gene therapies for cancer. Firstly, since the gene transfer 
efficiency into cancer cells is low and gene transfer to the core 
of a solid cancer cannot be easily accomplished, genes cannot be 
transfected to the entire cancer. Accordingly, remaining cancer 

10 cells start to proliferate again, which leads to recurrence. Secondly, 
genes are transfected not only to cancer cells but also to normal 
cells. Toxic genes injure the normal cells, thereby resulting in 
increased side-effects. Thirdly, the occurrence of infiltration and 
metastasis as the cancer becomes malignant is a problem in all kinds 

15 of cancer therapy. To date, a vectors that solves these problems has 
not yet been developed. 

Disclosure of the Invention 

The present invention provides novel cell fusion vectors with 

20 modified protease-dependent tropism which infiltrate into 
surrounding cells only in the presence of a particular protease; and 
methods for producing the same. 

The paramyxovirus family of viruses, which includes Sendai virus, 
comprise two proteins in their envelope. The fusion (F) protein 

25 achieves membrane fusion between the virus and its host cell which 
results in release of nucleocapsids into the cytoplasm. The 
hemagglutinin-neuraminidase (HN) protein has hemagglutinating 
ability and neuraminidase activity, and plays the role of binding 
to a host receptor. The F and HN proteins are also called spike 

30 proteins, as they are displayed on the surface of the viral envelope. 
The matrix (M) protein lines the envelope and gives rigidity to the 
viral particle. The characteristics of the present vectors are such 
that they allow highly efficient gene transfer to a wide variety of 
cells and animal tissues, and accomplish high level of expression 

35 as compared to existing vectors. 

The F protein (F0) does not show cell fusion activity. Its 
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fusion activity is displayed only upon cleavage by a host-derived 
protease, which results in degradation into Fl and F2 . Therefore, 
the proliferation of viruses carrying the wild-type F protein is 
limited to those types of tissues that express a trypsin-like protease 
5 which allows for cleavage of this protein, such as respiratory mucosal 
epithelium. Various studies have been carried out on paramyxoviruses 
regarding modification of the tropism of infection or fusogenicity 
due to modifications of F. In the interest of SeV, a variant comprising 
F that is cleaved only by a-chymotripsin has been shown to lose trypsin 

10 sensitivity, which, in turn, changes its tropism specific to the 
cleavage sequence of F (Tashiro, M . et al., J. Gen. Virol. 73 (Pt 6), 
1575-1579, 1992) . Furthermore, in Newcastle disease virus and in 
Measles virus, it has been shown that the syncytium-f orming ability 
changes in a trypsin-dependent manner due to the modification of the 

15 cleavage sequence of F (Li, Z. et al., J. Virol. 72, 3789-3795, 1998; 
Maisner, A. et al., J. Gen. Virol. 81, 441-449, 2000). 

By modifying the cleavage sequence of the F protein as described 
above, vectors may be infected to and proliferated in specific tissues 
and such which express a certain protease. However, one of the 

20 problems with paramyxoviral vectors is the secondary release of 
viruses from cells, which occurs after the vector is introduced into 
a target cell. In a cell infected with replicative viruses, a virion 
is formed and daughter viruses are released. Therefore, viral 
particles also spread to sites other than the target tissue. Although 

25 viral particles comprising wild-type F proteins as described above 
do not show infectivity in the absence of trypsin-like enzymes, viral 
particles themselves are released from cells. For in vivo 
administration, the concern is that a viruses that has spread into 
the blood will spread to the entire body. Furthermore, release of 

30 virus-like particles (VLPs) has been observed from cells transfected 
with F gene-deficient SeV (Li, H.O. et al., J. Virol. 74, 6564-6569, 
2000; WO 00/70055; WO 00/70070) which lacks the replication ability. 
Infection to tissues other than the target tissue and induction of 
immune response are of concern with such secondary released particles . 

35 Accordingly, the present inventors discovered that 

paramyxovirus lacking the M gene among the viral envelope genes does 
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not show particle formation, but does allows for cell fusogenic 
infection through the formation of a syncytium through the fusion 
of infected cells and cells contacting these infected cells (WO 
00/09700) . These M-def icient viruses are replicated in transfected 
5 cells, and are delivered to adjacent cells in the presence of trypsin. 
However, this is a phenomenon that occurs only under conditions where 
F is cleaved and activated. In viruses comprising the wild-type F 
protein, transfer of viruses will not occur under conditions without 
trypsin-like proteases. Thus, the present inventors postulated that 

10 a novel vector which does not produce secondary released particles, 
and which can spread the infection only in a specific tissue, can 
be developed by modifying the tropism of the F protein in this 
M-def icient virus. In particular, many infiltrating metastatic 
cancers are known to have enhanced activity of proteases, such as 

15 MMP, uPA, and tPA, which degrade ECM. Accordingly, the present 
inventors utilized the protease-dependent cell fusogenic infection 
of this M-deficient SeV and the phenomena of overexpression of MMP, 
uPA, and tPA in cancers in combination to prepare SeV vectors that 
specifically infect and spread to invasive metastatic cancers. 

20 An M-deficient virus lacks the M gene needed for particle 

formation. Therefore, viral particles are either not released or are 
extremely suppressed in such a virus. When conventional 
reconstitution methods are used to produce a recombinant virus having 
the ability to replicate (Kato, A. et al., Genes Cells 1, 569-579, 

25 1996) , RNPs of the M-deficient virus can be prepared but infectious 
viral particles are not (WO 00/09700) . When using the M-deficient 
vector as a cancer therapeutic agent, it is extremely useful to prepare 
the M-deficient virus as an infectious viral particle. Therefore, 
the present inventors developed novel production methods for 

30 preparing M-deficient viruses as viral particles. 

To achieve the objective - to construct vectors with suppressed 
VLP release, the present inventors considered the use of 
temperature-sensitive mutations in the viral gene. Mutant viral 
strains that can be grown at low but not high temperatures have been 

35 reported. The present inventors conceived that a mutant protein, 
particularly a mutant M protein, which suppresses virion formation 
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at high temperature, could be used to suppress VLP formation in such 
a way that virus production could be carried out at a low temperature 
(for example, at 32°C), but practical application of the virus, such 
as for gene therapy, could be carried out at a higher temperature 
5 (for example, at 37 °C) . For this purpose, the present inventors 
constructed a recombinant F gene-deficient Sendai viral vector, which 
encodes mutant M and mutant HN proteins that have in total six 
temperature-sensitive mutations reported in M and HN proteins (three 
for M protein, and three for HN protein) . VLP release for this virus 

10 was tested, and the level was determined to be about 1/10 or less 
of that of the wild-type virus . Further, immunostaining with an anti-M 
antibody was used to analyze M protein subcellular localization in 
cells in which the Sendai virus vector with suppressed VLP release 
had been introduced. The results showed that introduction of virus 

15 with suppressed VLP release significantly reduced M protein 
aggregation on cell surfaces as compared to cells containing the 
introduced wild-type virus. In particular, M protein condensation 
patterns were extremely reduced at a high temperature (38°C) . The 
subcellular localization of M and HN proteins in cells infected with 

20 SeV containing a temperature-sensitive mutant M gene was closely 
examined using a confocal laser microscope. M protein localization 
on cell surfaces was significantly reduced, even at a low temperature 
(32°C), and was observed to have morphology similar to that of a 
microtubule . At a high temperature. (37 °C) , the M protein was localized 

25 on the microtubules near the centrosome, that is, near the Golgi body. 
The addition of a microtubule-depolymerizing agent resulted in the 
disruption of the M protein localization structure. This occurred 
both in SeV comprising the temperature-sensitive M gene and in SeV 
comprising the wild-type M gene. This raised the possibility that 

30 M protein actually functions by localizing along microtubules . These 
findings confirm that the reduced level of secondary particle release 
in the case of viruses having temperature-sensitive mutations was 
due to insufficient intracellular localization of the M protein, a 
step believed to play a central role in particle formation. Thus, 

35 VLP formation can be effectively suppressed by preventing the normal 
intracellular localization of M protein. Furthermore, interaction 



6 



with microtubules may be important for M protein function . For example , 
secondary particle release can be reduced through disruption of M 
protein subcellular localization, a step achieved using a gene 
mutation or pharmaceutical agent developed to inhibit M protein 
5 transport along microtubules from Golgi bodies into the cell. In 
particular, the present inventors found that recombinant viral 
vectors whose particle formation ability had been reduced or 
eliminated could be provided by preparing viral vectors comprising 
a mutation leading to defective M protein localization. 

10 By deleting the M gene from the virus, the present inventors 

constructed a virus in which aggregation of M protein on the cell 
surface is completely suppressed in cells transfected with the virus. 
For this purpose, the present inventors constructed helper cells that 
can inducibly express the wild-type M protein that may be used to 

15 produce M gene-deficient viruses. By using these cells, collection 
of viral particles, in which the RNP of F-modified M gene-deficient 
viruses are enclosed in an envelope comprising the wild-type M protein, 
was accomplished for the first time. The methods of the present 
invention enable the production of viral particles at a concentration 

20 of lx 10 8 PFU/mL or more, and therefore, recombinant viruses sufficient 
for practical use, particularly clinical use, are provided for the 
first time. Furthermore, the virus production system of this 
invention avoids the possibility of contamination by other viruses 
and enables the production of highly safe, high-titer vectors for 

25 gene therapy. A practical F-modified M-deficient paramyxovirus was 
provided for the first time by using the M-deficient SeV production 
system of this invention, which supplies the M protein in trans by 
utilizing M-expressing cells. 

The present inventors used infectious viral particles 

30 constructed as described above and verified the actual antitumor 
effect in vivo. M-deficient virus activated by matrix 
metalloprotease (MMP) , which shows enhanced activity in cancer, was 
administered to mice transplanted with cancer cells, and the virus 
was confirmed to spread throughout the cancer tissues via cell 

35 fusogenic infection. In cancers to which wild-type virus was 
administered, the virus was limited to the injected site even after 
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several days. In contrast, the vector of this invention showed high 
permeability towards cancer tissues, and the vector spread throughout 
the entire cancer. The suppressive effect of the present vectors 
against proliferation of cancer was apparent when compared to the 
5 controls without virus administration or administration of the 
wild-type virus. Vectors targeting MMP-expressing cells have also 
been produced to date using retroviruses (Peng, K.-W. et al., Human 
Gene Therapy 8, 729-738, 1997; Peng, K.-W. et al., Gene Therapy 6, 
1552-1557, 1999; Martin, F. et al., J. Virol. 73, 6923-6929, 1999). 

10 However, they utilize a completely different design for the 
recognition sequence from that of the present invention. Furthermore, 
the objectives of these reports are specific infection of cancer 
tissues - that is, only targeting. Thus, vectors that specifically 
(intracellularly) spread infection through cancer tissues are 

15 provided for the first time by this invention. 

Furthermore, the present inventors succeeded in preparing viral 
particles with uncleaved F protein on the viral surface (F-uncleaved 
virus) by controlling the addition of protease during viral particle 
production. As is, these viruses do not have infectivity; however, 

20 they display specific infectivity upon treatment with a protease that 
cleaves the F protein on the viral surface, or upon addition of the 
viruses to cells in the presence of such protease. Such inducibly 
infectious viral vectors enable infection of vectors specifically 
into cancer cells producing a particular protease. 

25 Moreover, the present inventors successfully employed the 

wild-type F protein in the preparation of a vector comprising a 
modified F gene to develop a method for producing viral particles 
utilizing a protease that cleaves the wild-type F protein during vector 
preparation. According to this method, virus amplification can be 

30 performed using helper cells expressing the wild-type F protein and 
an enzyme, such as trypsin, that cleaves the wild-type F protein. 
The obtained viral particles comprise the cleaved wild-type F protein 
in their envelope and have infectivity. However, due to the modified 
F gene, wherein the cleavage site of the F protein is modified encoded 

35 by the viral genome, the infection spreads only in the presence of 
a particular protease. This method of preparing viruses using the 
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wild-type F protein is advantageous since it allows production of 
viral particles without depending on the modified F gene to be 
integrated into the vector genome. 

As described above, the present invention provides vectors whose 
5 infection spreads only in the presence of a protease expressed in 
a specific tissue, such as a cancer tissue. The vectors of this 
invention do not produce significant quantities of viral particles 
but instead transfer vectors to surrounding cells by cell fusion. 
The vectors of this invention that acquire infectivity by proteases 
10 whose activity is particularly enhanced in cancers have strong 
suppressive effects toward tumor growth. Thus, gene therapy of 
cancers using these vectors is considered to be extremely effective. 

Therefore, the present invention relates to cell fusion vectors 
whose protease-dependent tropism has been modified, and methods for 
15 producing the same, and such. Specifically, the present invention 
relates to: 

[1] a complex comprising a genomic RNA of paramyxovirus wherein 

(a) a nucleic acid encoding an M protein is mutated or deleted, and 

(b) a modified F protein, whose cleavage site sequence is substituted 
20 with a sequence that can be cleaved by a protease that does not cleave 

the wild-type F protein, is encoded, the complex further comprising 
the following properties: 

(1) the ability to replicate the genomic RNA in a cell to which 
the complex has been introduced; 
25 (2) a significant decrease in or lack of production of viral 

particles in the intrahost environment; and 

(3) the ability to introduce the RNA into a cell that contacts 
the cell transfected with the complex in the presence of the protease; 
[2] the complex of [1], which is a viral particle; 
30 [3] the complex of [2], further comprising the wild-type F 

protein; 

[4] the complex of any one of [1] to [3], wherein the 
paramyxovirus is Sendai virus; 

[5] the complex of any one of [1] to [4], wherein the protease 
35 is a protease whose activity is enhanced in cancer; 

[6] the complex of any one of [1] to [5], wherein the protease 
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is a matrix metalloproteinase or plasminogen activator; 

[7] the complex of any one of [1] to [6], wherein the sequence 
cleaved by the protease comprises Pro-Leu-Gly, Pro-Gln-Gly, or 
Val-Gly-Arg; 

5 [8] the complex of any one of [1] to [7], wherein a cytoplasmic 

domain of the wild-type F protein is partially deleted in the modified 
F protein; 

[9] the complex of any one of [1] to [8], wherein the modified 
F protein is fused with an HN protein; 

10 [10] a method for producing a viral particle which comprises 

a genomic RNA of paramyxovirus wherein (a) a nucleic acid encoding 
an M protein is mutated or deleted, and (b) a modified F protein, 
whose cleavage site sequence is substituted with a sequence that can 
be cleaved by a protease that does not cleave the wild-type F protein, 

15 is encoded; wherein the viral particle: (1) has the ability to 
replicate the genomic RNA in a cell to which the viral particle has 
been introduced; (2) shows a significant decrease in or lack of 
production of viral particles in the intrahost environment; and (3) 
has the ability to introduce the genomic RNA into a cell that contacts 

20 with the cell transfected with the viral particle comprising the 
genomic RNA in the presence of the protease; wherein the method 
comprises the steps of: 

(i) amplifying RNP, which comprises the N, P, and L proteins 
of the paramyxovirus and the genomic RNA, in a cell expressing 

25 wild-type M protein of paramyxovirus; and 

(ii) collecting viral particles released into the cell culture 
supernatant; 

[11] a method for producing a viral particle which comprises 
a genomic RNA of paramyxovirus wherein (a) a conditionally mutated 

30 M protein is encoded, and (b) a modified F protein, whose cleavage 
site sequence is substituted with a sequence that can be cleaved by 
a protease that does not cleave the wild-type F protein, is encoded; 
wherein the viral particle: (1) has the ability to replicate the 
genomic RNA in a cell to which the viral particle has been introduced; 

35 (2) shows a significant decrease in or lack of production of viral 
particles in the intrahost environment; and (3) has the ability to 
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introduce the genomic RNA into a cell that contacts with the cell 
transfected with the viral particle comprising the genomic RNA in 
the presence of the protease; wherein the method comprises the steps 
of: 

5 (i) amplifying RNP, which comprises the N, P, and L proteins 

of the paramyxovirus and the genomic RNA, in cells under permissive 
conditions for the mutant M protein; and 

(ii) collecting viral particles released into the cell culture 
supernatant; 

10 [12] the method of [10] or [11], wherein step (i) is performed 

at 35°C or below; 

[13] the method of [10] or [11], further comprising the step 
of presenting the protease that cleaves the modified F protein during 
at least either of steps (i) or (ii) ; or the step of treating the 

15 viral particle collected in step (ii) with the protease; 

[14] the method of [10] or [11], which further comprises the 
steps of expressing the wild-type F protein of paramyxovirus in the 
cell during step (i) ; and presenting the protease that cleaves the 
wild-type F protein during at least either of steps (i) or (ii) ; or 

20 the step of treating the viral particle collected in step (ii) with 
the protease; 

[15] a therapeutic composition for cancer comprising the complex 
of [5] and a pharmaceutically acceptable carrier; 

[16] a recombinant modified paramyxoviral F protein comprising 
25 Pro-Leu-Gly, Pro-Gln-Gly, or Val-Gly-Arg at the cleavage site, and 
showing cell fusogenicity in the presence of matrix metalloproteinase 
or plasminogen activator; 

[17] a nucleic acid encoding the protein of [16]; 

[18] a viral particle comprising the protein of [16] or a nucleic 
30 acid encoding the protein; 

[19] a fusion protein having cell fusogenic activity and 
comprising the transmembrane regions of the paramyxoviral F protein 
and HN protein, wherein the proteins are bound to each other on the 
cytoplasmic side; 

35 [20] the fusion protein of [19], wherein the sequence of the 

cleavage site of the protein is substituted with a sequence that is 
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cleaved by a protease that does not cleave the wild-type F protein; 
[21] a nucleic acid encoding the protein of [19]; 
[22] a vector which comprising the nucleic acid of [21]; and 
[23] a viral particle comprising the protein of [19] or a nucleic 
5 acid encoding the protein. 

In the present invention, the term "paramyxovirus" refers to 
viruses that belong to the family Paramyxoviridae, and to viruses 
derived from them. Paramyxovirus is a virus group characterized by 

10 a non-segmented negative strand RNA genome, and including the 
subfamily Paramyxovirinae (comprising the genus Paramyxovirus (also 
called the genus Respirovirus, the genus Rubulavirus and the genus 
Morbillivirus) , and the subfamily Pneumovirinae ( comprising the genus 
Pneumovirus and the genus Metapneumovirus) . Specifically, 

15 paramyxoviruses to which the present invention can be applied include 
the Sendai virus, Newcastle disease virus, mumps virus, measles virus, 
RS virus (Respiratory syncytial virus), rinderpest virus, distemper 
virus, simian parainfluenza virus (SV5) , and human parainfluenza 
virus type 1, 2, and 3, etc. More specif ically, for example, the Sendai 

20 virus (SeV) , human parainfluenza virus-1 (HPIV-1), human 
parainfluenza virus-3 (HPIV-3), phocine distemper virus (PDV), canine 
distemper virus (CDV) , dolphin molbillivirus (DMV) , 
peste-des-petits-ruminants virus (PDPR) , measles virus (MV) , 
rinderpest virus (RPV) , Hendra virus (Hendra) , Nipah virus (Nipah) , 

25 human parainfluenza virus-2 (HPIV-2), simian parainfluenza virus 5 
(SV5) , human parainfluenza virus-4a (HPIV-4a) , human parainfluenza 
virus-4b (HPIV-4b) , mumps virus (Mumps) , and Newcastle disease virus 
(NDV) are included. More preferably, examples include viruses 
selected from the group consisting of Sendai virus (SeV) , human 

30 parainfluenza virus-1 (HPIV-1), human parainfluenza virus-3 (HPIV-3), 
phocine distemper virus (PDV) , canine distemper virus (CDV) , dolphin 
molbillivirus (DMV), peste-des-petits-ruminants virus (PDPR), 
measles virus (MV) , rinderpest virus (RPV) , Hendra virus (Hendra) , 
and Nipah virus (Nipah) . The viruses of the present invention 

35 preferably belong to the subfamily Paramyxovirinae (comprising the 
genus Respirovirus, the genus Rubulavirus and the genus 
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Morbillivirus) , and more preferably to the genus Respirovirus (also 
called the genus Paramyxovirus) . Examples of viruses of the genus 
Respirovirus to which the present invention can be applied include 
human parainfluenza virus type 1 (HPIV-1) , human parainfluenza virus 
5 type 3 (HPIV-3), bovine parainfluenza virus type 3 (BPIV-3) , Sendai 
virus (also called murine parainfluenza virus type 1) , simian 
parainfluenza virus type 10 (SPIV-10) , etc. The paramyxovirus of the 
present invention is most preferably the Sendai virus. These viruses 
may be derived from natural strains, wild-type strains, mutant strains, 

10 laboratory-passaged strains, artificially constructed strains, etc. 

The phrases "recombinant protein" and "recombinant virus" refer 
to proteins and viruses produced via recombinant polynucleotides, 
respectively. The phrase "recombinant polynucleotide" refers to a 
polynucleotide that is not bonded as in nature. Specifically, 

15 recombinant polynucleotides comprise polynucleotides whose 
polynucleotide strand has been recombined artificially, and synthetic 
polynucleotides. Recombinant polynucleotides can be produced using 
conventional gene recombination methods by combining the processes 
of polynucleotide synthesis, nuclease treatment, ligase treatment, 

20 and such: Recombinant proteins can be produced by expressing 
recombinant polynucleotides encoding the proteins. Recombinant 
viruses can be produced by the steps of: expressing a polynucleotide 
encoding the viral genome, which is constructed by genetic 
engineering; and then reconstituting the virus. 

25 The term "gene" used herein refers to a genetic substance, which 

includes nucleic acids such as RNA, DNA, etc. In the present invention, 
a nucleic acid encoding a protein is called a protein gene. However, 
a gene need not necessarily encode a protein; for example, it may 
encode a functional RNA such as a ribozyme, antisense RNA, etc. A 

30 gene may have a naturally derived or artificially designed sequence. 
Herein, the term "DNA" encompasses both single-stranded DNA and 
double-stranded DNA. The phrase "encoding a protein" indicates that 
a polynucleotide comprises an antisense or sense ORF, which encodes 
a protein amino acid sequence, such that the polynucleotide can be 

35 expressed under suitable conditions. 

The present invention provides cell fusion vectors having 
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replicative ability whose protease-dependent tropism has been 
modified. In an intrahost environment, such vectors do not release 
significant quantities of virus-like particles after transfection 
into cells, and infiltrate into surrounding cells only in the presence 
5 of a certain protease. Specifically, the vectors of the present 
invention include : 

a complex which comprises a genomic RNA of paramyxovirus wherein 
(a) a nucleic acid encoding an M protein is mutated or deleted, and 
wherein (b) a modified F protein, whose cleavage site sequence is 

10 substituted with a sequence that can be cleaved by a protease that 
does not cleave the wild-type F protein, is encoded, and which 
comprises the following properties: 

(1) the ability to replicate the genomic RNA in a cell to which 
the complex has been introduced; 

15 (2) a significant decrease in or lack of production of viral 

particles in the intrahost environment; and 

(3) the ability to introduce the RNA into a cell that contacts 
with the cell transfected with the complex only in the presence of 
the protease. Since such a complex has the function of replicating 

20 the genomic RNA and transferring it to neighboring cells, it is also 
called a vector in the present invention. The term "vector" refers 
to carriers that transfer nucleic acids into cells. 

More specifically, the above complex comprises the genomic RNA 
of paramyxovirus and viral proteins that bind to this RNA. The 

25 complexes of the present invention can consist of, for example, the 
genomic RNA of paramyxoviruses, and the viral proteins, i.e., the 
ribonucleoprotein (RNP) . RNPs can be introduced into target cells, 
for example, in combination with a desired transfection reagent . Such 
RNPs are, more specifically, complexes comprising the genomic RNAs 

30 of paramyxoviruses, N proteins, P proteins, and L proteins . When RNPs 
are introduced into cells, the viral proteins work to transcribe 
cistrons encoding viral proteins from the genomic RNA; in addition, 
the genome itself is replicated and daughter RNPs are produced. 
Replication of the genomic RNA can be confirmed by detecting an 

35 increase in RNA copy number using RT-PCR, Northern hybridization, 
or such. 
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More preferably, the above-described complex is a virus particle 
of a paramyxovirus. The phrase "virus particle" refers to a 
nucleic-acid-containing minute particle that is released from a cell 
by the action of viral proteins. Virus particles can take various 
5 forms, e.g., that of spheres or rods, depending on the viral species. 
They are significantly smaller than cells, generally in the range 
of about 10 nm to about 800 nm. Paramyxovirus viral particles are 
structured such that the above-mentioned RNP comprises the genomic 
RNA and viral proteins, and is enclosed by a lipid membrane (or 

10 envelope) derived from the cell membrane. The viral particles may 
or may not show inf ectivity {infra) . For example, some viral particles 
do not show infectivity as they are, but acquire infectivity upon 
specific treatment. 

The phrase ''genomic RNA of paramyxovirus" refers to RNA that 

15 has the ability to form RNP with proteins of paramyxovirus and express 
genes from the genome using these proteins to replicate the nucleic 
acids and form daughter RNPs . The paramyxovirus has as its genome 
a negative single-stranded RNA, a kind of RNA that encodes genes in 
the antisense mode. In general, paramyxovirus genomes comprise viral 

20 genes in antisense series between the 3 1 -leader region and the 
5 '-trailer region. Between the open reading frames (ORFs) for each 
gene, a series of sequences is present: a transcription termination 
sequence (E sequence), an intervening sequence (I sequence), and a 
transcription initiation sequence (S sequence) . Thus, the RNA 

25 encoding each gene' s ORF is transcribed as a separate cistron. Genomic 
RNAs included in the vectors of this invention encode (in antisense 
mode) nucleocapsid (N) , phosphor (P), and large (L) proteins. These 
proteins are necessary for the expression of genes encoded by the 
RNAs, and for autonomous replication of the RNA themselves. 

30 Furthermore, the RNAs encode the fusion (F) protein, which induces 
cell membrane fusion necessary for spreading the RNA to neighboring 
cells, in an antisense orientation. Preferably, the genomic RNAs 
further encode the hemagglutinin-neuraminidase (HN or H) protein in 
an antisense orientation. However, in certain cells, the HN protein 

35 is not necessary for infection (Markwell, M.A. et al., Proc. Natl. 
Acad. Sci. USA 82(4), 978-982, 1985) and infection is accomplished 
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with the F protein alone. Furthermore, vectors can be infected to 
cells by using proteins other than HN that binds to cells, combined 
with the F protein. Therefore, the vectors of this invention can be 
constructed using genomic RNAs that do not encode the HN gene. 
5 Genes of viruses belonging to the subfamily Paramyxovirinae are 

represented in general as below: The N gene is also generally 
described as the XX NP". 



Genus Respirovirus NP P/C/V M F HN - L 

Genus Rubulavirus NP P/V M F HN (SH) L 

Genus Morbillivirus NP P/C/V M F H - L 



10 For example, database accession numbers for nucleotide 

sequences of Sendai virus genes classified as Respiroviruses within 
the Paramyxoviridae family are: M29343, M30202, M30203, M30204, 
M51331, M55565, M69046 and X17218 for the NP gene; M30202, M30203, 
M30204, M55565, M69046, X00583, X17007 and X17008 for the P gene; 

15 D11446, K02742, M30202, M30203, M30204, M69046, U31956, X00584 and 
X53056 for the M gene; D00152, D11446, D17334, D17335, M30202, M30203, 
M30204, M69046, X00152 and X02131 for the F gene; D26475, M12397, 
M30202, M30203, M30204, M69046, X00586, X02808 and X56131 for the 
HN gene; and D00053, M30202, M30203, M30204, M69040, X00587 and X58886 

20 for the L gene. Accession numbers for virus genes encoded by 
additional viruses are exemplified below: AF014953 (CDV) , X75961 
(DMV) , D01070 (HPIV-1), M55320 (HPIV-2), D10025 (HPIV-3), X85128 
(Mapuera), D86172 (Mumps), K01711 (MV) , AF064091 (NDV) , X74443 (PDPR), 
X75717 (PDV), X68311 (RPV) , X00087 (SeV) , M81442 (SV5) , andAF079780 

25 (Tupaia) for N gene; X51869 (CDV), Z47758 (DMV), M74081 (HPIV-1), 
X04721 (HPIV-3), M55975 (HPIV-4a) , M55976 (HPIV-4b) , D86173 (Mumps), 
M89920 (MV), M20302 (NDV), X75960 (PDV), X68311 (RPV), M30202 (SeV), 
AF052755 (SV5) , and AF079780 (Tupaia) for P gene; AF014953 (CDV), 
Z47758 (DMV), M74081 (HPIV-1), D00047 (HPIV-3), AB016162 (MV) , X68311 

30 (RPV) , AB005796 (SeV), andAF079780 (Tupaia) for C gene; M12669 (CDV), 
Z30087 (DMV), S38067 (HPIV-1), M62734 (HPIV-2), D00130 (HPIV-3), 
D10241 (HPIV-4a), D10242 (HPIV-4b) , D86171 (Mumps), AB012948 (MV) , 
AF089819 (NDV), Z47977 (PDPR), X75717 (PDV), M34018 (RPV), U31956 
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(SeV), and M32248 (SV5) for M gene; M21849 (CDV) , AJ224704 ( DMV ) , 
M22347 (HPN-1), M60182 (HPIV-2), X05303 (HPIV-3) , D49821 (HPIV-4a) , 
D49822 (HPIV-4b), D86169 (Mumps), AB003178 (MV) , AF048763 (NDV) , 
Z37017 (PDPR), AJ224706 (PDV) , M21514 (RPV) , D17334 (SeV), and 
5 AB021962 (SV5) for F gene; AF112189 (CDV), AJ224705 (DMV), U709498 
(HPIV-1), D000865 (HPIV-2), AB012132 (HPIV-3) , M34033 (HPIV-4A) , 
AB006954 (HPIV-4B) , X99040 (Mumps), K01711 (MV) , AF204872 (NDV), 
Z81358 (PDPR), Z36979 (PDV), AF132934 (RPV), U06433 (SeV), and S76876 
(SV-5) for HN (H or G) gene. More than one strain is known for each 

10 of the viral species, and genes comprising sequences other than those 
shown above may exist depending on different strains. 

The ORFs of these viral proteins are positioned in an antisense 
orientation via the above-described E-I-S sequence on the genomic 
RNA. On the genomic RNA, the ORF closest to the 3' -end requires only 

15 the S sequence between the 3' -leader region and the ORF, and not the 
E and I sequences. On the other hand, the ORF closest to the 5' -end 
on the genomic RNA requires only the E sequence between the 5' -trailer 
region and the ORF, and not the I and S sequences. Two ORFs can be 
transcribed as the same cistron using sequences such as IRES. In such 

20 cases, the E-I-S sequence is not necessary between these two ORFs. 
In the wild-type paramyxovirus, a typical RNA genome has a 3' -leader 
region followed by a sequence of six ORFs encoding the N, P, M, F, 
HN, and L proteins in this order in antisense orientation, followed 
by a 5' -trailer region at the other end. On the genomic RNAs of this 

25 invention, the configuration of the viral gene is not limited thereto; 
however, it is preferred to localize behind the 3' leader region the 
ORFs encoding the N, P, (M, ) F, HN, and L proteins in this order followed 
by a 5' -trailer region similar to the wild-type virus. In a certain 
type of paramyxovirus, the number of viral genes is not six. However, 

30 even in such cases, each viral gene can be positioned similarly to 
the wild-type as described above, or they can be appropriately changed . 
The ORF of the M protein will be described later. However, according 
to one embodiment of the vectors of this invention, the ORF may be 
excluded or may encode a mutant M protein. Furthermore, in another 

35 embodiment of the vector of this invention, the cleavage site of the 
F protein encoded by the genome is modified to a sequence that is 
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cleaved by a protease that does not cleave the wild-type F protein 
(infra) . The genomic RNA of this invention may also encode one or 
more foreign genes. Any objective gene desired to be expressed in 
a target cell can be used as the foreign gene. The foreign gene is 
5 preferably inserted at sites in the noncoding region of the genome. 
For example, it may be inserted between the 3' -leader region and viral 
protein ORF closest to the 3' -end, between each of the viral protein 
ORFs, and/or between the viral protein ORF closest to the 5' -end and 
the 5' -trailer region. In an M gene-deficient genome, insertion can- 

10 be made in the deficient region. When transferring a foreign gene 
to a paramyxovirus, preferably, the polynucleotide of the insertion 
fragment placed into the genome has a chain length that is a multiple 
of 6 (Journal of Virology 67 (8) , 4822-4830, 1993) . The E-I-S sequence 
is placed between the inserted foreign gene and the viral ORF. 

15 Alternatively, the foreign gene may be inserted via IRES. 

The expression level of the foreign gene can be adjusted by the 
type of transcription initiation sequence added upstream of the gene 
(the 3' -side of the negative strand) (WO 01/18223) . Furthermore, the 
expression level can be regulated depending on the insertion position 

20 of the foreign gene in the genome. The closer the foreign gene is 
to the 3' -end of the negative strand, the higher the expression level 
of the foreign gene will be; similarly, the closer the foreign gene 
is to the 5' -end, the lower the expression level becomes. Therefore, 
the insertion site of the foreign gene can be adjusted appropriately 

25 to obtain a desired expression level of the foreign gene and an 
optimized combination with the upstream and downstream genes encoding 
viral proteins. Generally, high expression levels are considered 
advantageous for foreign genes. Therefore, the foreign gene is 
preferably linked to a highly efficient transcription initiation 

30 sequence, and inserted near the 3' -end of the negative strand genome. 
More specifically, it is preferably inserted between the 3' -leader 
region and the viral protein ORF closest to the 3' -end . Alternatively, 
the foreign gene may be inserted between the viral gene ORF closest 
to the 3' -end and the ORF of the secondly closest gene. Conversely, 

35 when high expression level of the transferred gene is not preferred, 
the expression level from the viral vector can be reduced by, for 
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example, designing the insertion position of the gene in the vector 
to be as close as possible to the 5' -side of the negative strand genome, 
or using a transcription initiation sequence with a low efficiency, 
for an appropriate effect to arise. 
5 Any viral genes included in the vector of this invention may 

be modified from wild-type genes in order to, for example, reduce 
the immunogenicity of the viral proteins, or to enhance RNA 
transcription and replication efficiency. Specifically, in 
paramyxoviral vectors, for example, transcription or replication 

10 functions can be enhanced by modifying at least one of the replication 
factors: N, P, and L genes. The structural protein HN comprises both 
hemagglutinin and neuraminidase activities. If, for example, the 
activity of the former can be reduced, the stability of the virus 
in blood can be enhanced. On the other hand, if, for example, the 

15 activity of the latter can be modified, infectivity can be regulated. 
In addition, membrane fusion and/or particle formation ability can 
be regulated by modifying the F protein and its domains, apart from 
the cleavage site. For example, by using analysis of the 
antigen-presenting epitopes and such of possible cell surface 

20 antigenic molecules, such as the F and HN proteins, a viral vector 
with weakened antigen-presenting ability against these proteins can 
be created. 

Vectors with deficient accessory genes can be used as the vectors 
of the present invention. For example, by knocking out the V gene, 

25 an SeV accessory gene, SeV pathogenicity to hosts such as mice can 
be markedly decreased without damaging gene expression and 
replication in cultured cells (Kato, A. etal., J. Virol. 71, 7266-7272, 
1997; Kato, A. et al. EMBO J. 16, 578-587, 1997,; Curran, J. et al., 
WO 01/04272, EP 1067179) . Such attenuated vectors are preferred as 

30 viral vectors for in vivo or ex vivo nontoxic gene transfer. 

In a preferred embodiment, the complexes of the present 
invention are substantially homogeneous. The phrase "substantially 
homogeneous" complex refers to complexes that are isolated from a 
paramyxoviral RNP or viral particle which is not a complex of this 

35 invention. That is, the substantially homogeneous complexes of this 
invention do not comprise other paramyxovirus RNP or viral particles 
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that possess particle-forming ability. Herein, the phrase 
"particle-forming ability" refers to the ability of a vector to release 
infectious and/or noninfectious viral particles (called virus-like 
particles) in cells infected with the viral vector, a process referred 
5 to as "secondary release". Furthermore, the complexes of this 
invention with modified cleavage site of the F protein do not comprise 
viral RNPs comprising genes that encode the wild-type F protein or 
an F protein having a similar fusion activity thereto in the genome, 
nor viral particles comprising this genome. 

10 According to an embodiment of this invention, the cleavage site 

sequence of the F protein encoded by the above-mentioned genomic RNA 
is substituted by a sequence that is cleaved by another protease. 
The F protein of paramyxovirus (F0) itself does not show cell membrane 
fusion activity in its original form. However, upon cleavage of the 

15 extracellular domain of the F0 fragment (or the outer domain of the 
viral particle) , it exhibits its fusion activity. The two F protein 
fragments, N-terminal side and C-terminal side fragments, resulting 
from the cleavage are called Fl and F2, respectively, and are bonded 
together via a disulfide bond. Cleaving the F protein involves 

20 cleaving the F protein on the membrane at a domain outside the membrane, 
thereby resulting in the generation of fragments with cell 
fusogenicity . The phrase "cleavage site sequence" refers to an amino 
acid sequence required for the cleavage by a protease or essential 
residues therein. The cleavage sites of the paramyxovirus F protein 

25 are known in the art, and may be cleaved by trypsin-like intracellular 
proteases, such as furin. 

Furins generally exist in the Golgi body of most cells. The 
recognition motif of furin is Arg-X-Lys/Arg-Arg (RXK/RR) (separation 
of two amino acids by "/" means either one of the amino acids) . Highly 

30 pathogenic Human PIV3 (RTKR) , SV5 (RRRR) , Mumps virus (RHKR) , NDV 
(virulent strain) highly virulent strain (RQR/KR) , Measles virus 
(RHKR) , RS virus (RKRR) , and such comprise the sequences of these 
motifs at their cleavage sites. The F protein of highly virulent 
strains is sensitive to proteases present in all cells, and viruses 

35 of this strain undergo multi-step proliferation upon cleavage of the 
F protein in all organs . Thus, the infection of these viruses is fatal . 
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On the other hand, Sendai virus (PQSR), Human PIV1 (PQSR) , and NDV 
(avirulent strain) weakly virulent strain (K/RQG/SR) with low 
virulence do not comprise this motif, but only Arg, which is the serine 
protease recognition sequence. The sequences of the F protein 
5 cleavage sites of paramyxovirus are well analyzed, and those skilled 
in the art can recognize them by appropriately referring to the 
literature (see, for example, "Uirusu-gaku (Virology) ", Hatanaka, 
M. ed., Tokyo, Asakura Shoten, 247-248, 1997). 

Furthermore, a cleavage site can be confirmed by identifying 

10 the cleavage site of an F protein of a virus grown in cells, tissues, 
individuals, or such where the paramyxovirus can proliferate, or the 
F protein collected by expressing them in these cells, individuals, 
or such. Alternatively, the F protein .can be cleaved artificially 
and identified by treating the F protein expressed on the cell surface 

15 with a protease such as trypsin, which cleaves the cleavage site of 
the protein. According to an embodiment of this invention, the F 
protein comprises modified F protein cleavage site that may be cleaved 
by another protease . To accomplish this, the native cleavage sequence 
of the F protein is modified by replacing, deleting, and/or inserting 

20 one or more amino acids to reconstitute a sequence that is cleaved 
by another protease. Modification of the amino acid sequence can be 
performed by conventional site-directed mutagenesis methods. In 
addition, the modified F protein may maintain the property of being 
cleaved by proteases (such as trypsin) which cleave the wild-type 

25 F protein (see Examples) . Vectors encoding such modified F proteins 
show enhanced protease-dependent tropism as compared to the wild-type 
F protein. 

Sequences cleaved by another protease may be those cleaved by 
a preferable proteases. For example, sequences that are cleaved by 

30 a protease selectively expressed in tissues or cells which serve as 
the preferred target for vector introduction may be used (WO 01/20989) . 
By designing a vector using an F protein gene comprising a sequence 
cleaved by a protease that is active in the target tissues as described 
above, the excellent property for proliferating and transferring the 

35 vector specifically to surrounding cells under conditions where this 
protease activity exists can be realized. For example, by employing 
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a cleavage sequence of a protease specifically expressed or activated 
in particular tissues, vectors that specifically infiltrate only 
within those tissues may be constructed. Furthermore, by utilizing 
the cleavage sequence of a protease that is specifically expressed 
5 or activated under certain conditions, such as a disease, vectors 
that specif ically infiltrate under such conditions (for example, only 
within the lesion of a specific disease) can be constructed. Both 
intracellular and extracellular proteases may be utilized. For 
example, proteases secreted to the cell exterior, and membrane 

10 proteases expressed on the membrane surface are preferred. 
Alternatively, the selected protease may be any desired protease that 
exists within the transport pathway of the F protein, starting from 
intracellular translation to secretion on the cell surface. 

A large number of disorders are caused by aberrant expression 

15 of protease genes, including, for example, disorders belonging to 
all categories of general pathology, such as metabolic disorders, 
circulatory disorders, inflammation and immunologic disorders, 
infections, and malignant tumors. Specific examples include calpain 
in muscular dystrophy, destruction of the ubiquitin-proteasome system 

20 in autoimmune diseases and neural disorders, decreased expression 
of neprilysin in Alzheimer's disease, enhanced expression of MMP in 
infiltration and metastasis of cancer, pathogen-derived protease from 
pathogenic microorganisms, serine protease in hemostatic mechanism, 
and aminopeptidase in the placenta. 

25 Calpain, a calcium-dependent cysteine protease, has been 

studied as an enzyme involved in muscle proteolysis of muscular 
dystrophy. Calpain undergoes a specific activation mechanism in 
which activation occurs due to binding with calcium, and is considered 
to trigger muscle proteolysis by limited intracellular degradation 

30 of proteins important for structural maintenance of skeletal muscles, 
such as a-actinin, troponin, and connectin. Regarding the cleavage 
sequence for calpain (Karlsson, J.O. et al., Cell Biol. Int. 24, 
235-243, 2000), Leu-Leu-Val-Tyr and such are used as the degradation 
substrate . 

35 The ubiquitin-proteasome system is a selective and active 

intracellular proteolysis mechanism, and an important cell function 
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regulatory system for signal transduction, cell cycle, and such. 
Ubiquitin consists of 7 6 amino acids, and is covalently bonded to 
a protein by continuous catalytic action via the ubiquitin activating 
enzyme (El), ubiquitin binding enzyme (E2), and ubiquitin ligase (E3) . 
5 The ubiquitinated protein is degraded by the 26S proteasome. Several 
hundred types of E3 enzymes are known to exist and are categorized 
roughly into HECT type and RING finger type. Abnormal activities of 
these enzymes have been implicated in a large number of diseases. 
For example, Leu-Leu-Val-Tyr is used as the degradation substrate 

10 of the 2 6S proteasome (Reinheckel, T. etal., Arch. Biochem. Biophys. 
377, 65-68, 2000) . 

Articular disorders, such as chronic rheumatoid arthritis, 
cause dyskinesia by the destruction of articular cartilage tissues. 
The regeneration ability of articular cartilage is extremely low, 

15 and destruction of the cartilage conformation by extracellular matrix 
degradation leads to progressive articular destruction. The 
relationship between MMP and "a disintegrin and metalloproteinase" 
(ADAM) molecule of related gene family is of interest in such 
destruction of the extracellular matrix of the cartilage. In 

20 particular, ADAMTS (ADAM with thrombospondin motif) molecule is 
considered to be an enzyme necessary for degrading cartilage 
proteoglycan (aggrecan) (Tortorella, M.D. et al. t Science 284, 
1664-1666, 1999) . The sequence leading to aggrecan degradation by 
ADAMTS has been identified (Tortorella, M.D. et ai., J. Biol. Chem. 

25 275, 18566-18573, 2000) . 

Using the recognition sequences of these proteases, vectors 
specific to tissues that express these proteases can be prepared. 

Particularly preferred protease cleavage sequences of this 
invention include those of proteases whose activity is enhanced in 

30 cancer. By constructing vectors using such sequences, vectors that 
specifically infect cancer tissues can be constructed. Such vectors 
are extremely useful as gene transfer vectors for cancer therapy. 
Proteases with "enhanced activity ,/ in cancer are those that show 
enhanced activity in certain cancer tissues or cancer cells as compared 

35 to the activity in the corresponding normal tissues or normal cells. 
Herein, the phrase "enhanced activity" includes enhancement of the 
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protease expression level and/or activity itself. The protease 
expression level can be measured by, for example, Northern 
hybridization using gene fragments of the protease as the probe, RT-PCR 
using a primer that specifically amplifies the protease gene, or 
5 Western blotting, ELISA, and immunoprecipitation using antibodies 
against the protease. The activity of the protease can be determined 
by degradation assay using substrates of the protease. Many in vivo 
proteases whose activity is regulated by various inhibitory factors 
are known in the art. The activity level of proteases can also be 
10 determined by measuring the expression level of these inhibitory 
factors . 

For example, the extracellular matrix (ECM) degradation enzyme 
activity is particularly enhanced in metastatic cancer (Nakajima, 
M. and Chop, A.M., Semin. Cancer Biol. 2, 115-127, 1991; Duffy, M.J., 

15 Clin. Exp. Metastasis 10, 145-155, 1992; Nakajima, M. "Extracellular 
matrix degradation enzyme (Japanese) ", Seiki, M. ed., "Malignant 
transformation and metastasis of cancer", Chugai Igaku, 124-136, 
1993) . In animals, matrices comprising proteins such as collagen and 
proteoglycan are formed in the space between cells. Specifically 

20 known components of the extracellular matrix include collagen, 
f ibronectin,' laminin, tenascin, elastin, proteoglycan, and such. 
These ECMs have the function of regulating adhesion, development, 
transfer, and such of cells, as well as regulating the distribution 
and activity of soluble factors via binding thereto. Infiltration 

25 of ECM by ECM degradation enzymes is deeply involved in cancer 
metastasis, and many reports have demonstrated that inhibitors of 
ECM degradation enzymes can inhibit metastasis or infiltration to 
the basal membrane. Vectors that specifically infect and infiltrate 
cancer tissues can be constructed by encoding a modified F protein 

30 having a recognition sequence for cleavage by ECM degradation enzyme 
at its cleavage site. 

ECM degradation enzymes are categorized into aspartic acid 
proteases, cysteine proteases , serine protease, and metalloproteases , 
depending on the kind of catalytic residues at their active center. 

35 In particular, for ECM degradation in vivo, serine proteases and 
metalloproteases, which are neutral proteases, play a central role. 
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Serine proteases are widely distributed in microorganisms, animals, 
plants, and such. In higher animals, they are involved in many 
biological reactions, including, for example, food digestion, blood 
coagulation, fibrinolysis, immune complement reaction, cell 
5 proliferation, ontogeny, differentiation, senescence, cancer 
metastasis, and such. Furthermore, the activity of serine protease 
is generally regulated by a serine protease inhibitor (serpin) which 
generally exists within plasma and tissues, and quantitative or 
qualitative abnormalities of the inhibitor are known to cause 

10 inflammation and such. 

ECM-degrading serine proteases include cathepsin G, elastase, 
plasmin, plasminogen activator, tumor trypsin, chymotrypsin-like 
neutral proteinase, thrombin, etc. Plasmin is produced by limited 
degradation of plasminogen existing in vivo in the inactive form. 

15 This limited degradation is regulated by plasminogen activator (PA) 
and its inhibitor, plasminogen activator inhibitor (PAI) . PAs 
comprise tissue PA (tPA) , which is involved in blood coagulation, 
and urokinase PA (uPA) , which is related to ECM degradation (Blasi, 
F. and Verde, P., Semin. Cancer Bio. 1, 117-126, 1990). The function 

20 of these two PAs are inhibited through the binding of PAI (Cajot, 
J.F. et al., Proc. Natl. Acad. Sci. USA 87, 6939-6943, 1990; Baker, 
M.S. et al. , Cancer Res. 50, 4676-4684, 1990) . uPA can function while 
being bound to a uPA receptor (uPAR) on the cell surface. Plasmin 
degrades fibronectin, tenascin, laminin, and such, but fails to 

25 directly degrade collagen. However, it indirectly degrades collagen 
by activating the collagen degradation enzyme via cleavage of a portion 
of the precursor of the enzyme. These often show enhanced activity 
in cancer cells, and correlate well with metastatic ability (Tanaka, 
N. et al., Int. J. Cancer 48, 481-484, 1991; Boyd, D. etal., Cancer 

30 Res. 48, 3112-3116, 1988; Hollas, W. etal., Cancer Res. 51, 3690-3695, 
1991; Correc, P. et al. f Int. J. Cancer 50, 767-771, 1992; Ohkoshi, 
M. et al., J. Natl. Cancer Inst. 71, 1053-1057, 1983; Sakaki, Y. et 
al., New Horizon for Medicine (Japanese) 17, 1815-1821, 1985). 

Many studies have been carried out on the cleavage sequences 

35 of uPA and tPA (Rijken, D.C. et al., J. Biol. Chem. 257, 2920-2925, 
1982; Wallen, P. et al., Biochim. Biophys . Acta 719, 318-328, 1982; 
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Tate, K.M. etal., Biochemistry 26, 338-343, 1987). The commonly used 
substrate sequences include VGR (Dooi jewaard, G., and KLUFT, C, Adv. 
Exp. Med. Biol. 156, 115-120, 1983) and Substrate S-2288 ( Ile-Pro-Arg) 
(Matsuo, 0. etal., Jpn. J. Physiol. 33, 1031-1037, 1983). Butenas 
5 et al. used 54 kinds of fluorescent substrates to identify sequences 
highly specif ic to tPA (Butenas, S. etal., Biochemistry 36, 2123-2131, 
1997), and demonstrated that two sequences, FPR and VPR, show high 
degradation activity against tPA. Therefore, these sequences are 
particularly preferred in the present invention. 

10 Other ECM degradation enzymes are categorized as cysteine 

protease or aspartic protease. They are also involved in the 
metastasis and infiltration of cancer. Specific examples include: 
cathepsin B (Sloane, B.F., Semin. Cancer Biol. 1, 137-152, 1990) using 
laminin, proteoglycan, fibronectin, collagen, procollagenase 

15 (activated by degradation) , and such as substrates ; cathepsin L (Kane, 
S.E. and Gottesman, M.M., Semin. Cancer Biol . 1, 127-136, 1990) using 
elastin, proteoglycan, fibronectin, laminin, elastase (activated), 
and such as substrates; and cathepsin D (Rochefort, H., Semin. Cancer 
Biol. 1, 153-160, 1990) using laminin, fibronectin, proteoglycan, 

20 and cathepsin B and L (activated) as substrates. Cathepsin B and L 
in particular are highly expressed in breast cancer tissues (Spyratos, 
F. et al. , Lancet ii, 1115-1118, 1989; Lah, T.T. et al. , Int. J. Cancer 
50, 36-44, 1992), and colon cancer carcinoma (Shuja, S. etal., Int. 
J. Cancer 49, 341-346, 1991) . The disruption of balance between them 

25 and their inhibitory factors has been suggested to be involved in 
malignant transformation of cancer (Sloane, B.F., Semin. Cancer Biol. 
1, 137-152, 1990; Kane, S.E. and Gottesman, M.M., Semin. Cancer Biol. 
1, 127-136, 1990) . 

Metalloproteinase is a metalloenzyme comprising a metallic 

30 element such as Zn at its active center. Reported metalloproteinases 
include caspase, amino peptidase, angiotensin I converting enzyme, 
and collagenase. Regarding metalloproteinases that degrade ECM, 16 
kinds or more of matrix metalloproteinases (MMP) have been reported. 
Representative MMPs include collagenase-1, -2, and -3 (MMP-1, -8, 

35 and -13), gelatinase A and B (MMP-2 and -9), stromelysin 1, 2, and 
3 (MMP-3, -10, and -11), matrilysin (MMP-7), and membrane 
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metalloproteinases (MT1-MMP and MT2-MMP) . In general, MMP has Zn 2+ 
at its active center, and Ca 2+ is required for its enzyme activity. 
Furthermore, MMP is secreted as a latent enzyme (referred to as latent 
MMP or ProMMP) , is activated outside the cell, and degrades various 
5 ECMs existing in vivo. Moreover, the activity of MMPs is inhibited 
by a common inhibitor, namely, tissue inhibitor of metalloproteinase 
(TIMP) . Other examples of ECM degradative metalloproteinases include 
amino peptidase, such as amino peptidase N/CD13 and aminopeptidase 
B that degrade ECM component proteins . According to experiments using 

10 inhibitors, all of these proteinases have been reported to be deeply 
involved in cancer. 

Among these proteinases, collagenases (e.g., MMP-1, -8, and -13) 
cleave fibrous collagens - type I, II, and III collagen molecules 
- at specific sites. Two types of gelatinase, gelatinase A (MMP-2) 

15 and gelatinase B (MMP-9) , are known. Gelatinase is also called type 
IV collagenase, and degrades type V collagen and elastin in addition 
to type IV collagen, the major component of basal membranes. 
Furthermore, MMP-2 is known to cleave type I collagen at the same 
site as MMP-1 . MMP-9 does not degrade laminin and f ibronectin; however, 

20 MMP-2 degrades them. Stromelysins (MMP-3 and -10) accept and degrade 
a broad range of substrates and degrade proteoglycan; type III, IV, 
and IX collagen; laminin; and f ibronectin. Matrilysin (MMP-7) is a 
molecule that lacks the hemopexin domain, has a substrate specificity 
identical to that of MMP-3, and particularly high degradation activity 

25 for proteoglycan and elastin. Membrane-type metalloproteinases 
(MT-MMPs) (MT1-MMP, MT2-MMP, MT3-MMP, MT4-MMP, MT5-MMP, and MT6-MMP) 
comprise a transmembrane structure. MT-MMPs have an insertion 
sequence (approximately ten amino acids) between the propeptide 
domain and the active site. This insertion sequence comprises 

30 Arg-Xaa-Lys-Arg (Xaa is any amino acid) , and, during the 
transportation process to the cell membrane, is activated through 
cleavage by furin, an intracellular processing enzyme . Known MT-MPPs 
include MT1-MMP (MMP-14) , MT2-MMP (MMP-15) , MT3-MMP (MMP-16) , MT4-MMP 
(MMP-17), MT5-MMP (MMP-23) , and MT-6-MMP (MMP-25) . For example, 

35 MT1-MMP degrades type I, II, and III collagens, and MT3-MMP degrades 
type III collagen. 
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Overexpression of MMP is known to widely occur in cancer cells. 
They are categorized into those caused by the cancer itself and by 
cancer interstitial cells. For example, interstitial collagen 
degrading collagenase (MMP-1) is involved with infiltration of cancer 
5 cells, and its activity level correlates with metastaticity in colon 
cancer and such (Wooley, D.E., Cancer Metastasis Rev. 3, 361-372, 
1984; Tarin, D. et al. , Br. J. Cancer 4 6, 266-278, 1982) . Furthermore, 
activities of type IV collagenases (MMP-2 and MMP-9) are highly 
correlated with metastatic ability of various epithelial cancers 

10 (Liotta, L.A. and Stetler-Stevenson, W.G., Semin. Cancer Biol. 1, 
99-106, 1990; Nakajima, M. Experimental Medicine 10, 246-255, 1992) . 
Moreover, stromelysin (MMP-3) is also known to be correlated with 
malignant alteration of dermal epithelial tumor (Matrisian, L.M. and 
Bowden, G.T., Semi. Cancer Biol. 1, 107-115, 1990). Stromelysin-3 

15 (MMP-11) has been observed to be highly expressed in breast cancer 
and colon cancer (Basset, T. etal., Nature 348, 699-704, 1990; Porte, 
H. et al., Clin. Exp. Metastasis 10 (Suppl. 1), 114, 1992). 

Many cleavage substrates for MMP are known. Examples of 
substrate sequences that are degraded by all MMPs include PLGLWAR 

20 (Bickett, D.M. etal., Anal. Biochem. 212, 58-64, 1993), GPLGMRGL 
(Deng, S.J. et al., J. Biol. Chem. 275, 31422-31427, 2000), PQGLEAK 
(Beekman, B. et al., FEBS Lett. 390, 221-225, 1996), RPKPVEWREAK 
(Beekman, B. et al., FEBS Lett. 418, 305-309, 1997), and PLALWAR 
(Jacobsen, E.J. etal., J. Med. Chem. 42, 1525-1536, 1999). Cleavage 

25 substrates of MMP-2 and -9 include PLGMWS (Netzel-Arnett , S. et al . , 
Anal. Biochem. 195, 86-92, 1991) and PLGLG (Weingarten, H. et al . , 
Biochemistry 24, 6730-6734, 1985). 

Recently, phage-displayed peptide library screening has 
elucidated the degradation substrate sequences for MMP-9 (Kridel, 

30 S.J. etal., J. Biol. Chem. 276, 20572-20578, 2001), MMP-2 (Chen, 
E.I. etal., J. Biol. Chem. 277, 4485-4491, 2002), and MT1-MMP (Kridel, 
S.J. et al., J. Biol. Chem. In JBC Papers in Press, April 16, 2002, 
Manuscript M111574200) . In these articles, identified amino acid 
sequences are categorized into four groups depending on the presence 

35 or absence of degradation ability by three MMPs. Group IV includes 
sequences that are specifically degraded by MT1-MMP, and regarding 
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sequences lacking Arg, VFSIPL and IKYHS sequences are mentioned as 
substrates that are not degraded by MMP-9 and MMP-2, but are degraded 
by MT-MMP alone. 

For example, the cleavage sequence of MMP-9 is Pro-X-X-Hy 
5 (wherein, X represents an arbitrary residue; Hy, a hydrophobic 
residue), with Pro-X-X-Hy- (Ser/Thr) being particularly preferred. 
A more specific example includes Pro-Arg- (Ser/Thr) -Hy- (Ser/Thr) 
(cleavage occurs between X and Hy residues) . Examples of Hy 
(hydrophobic residues) include Leu, Val, Tyr, lie, Phe, Trp, and Met, 

10 but are not limited thereto. Other cleavage sequences have been also 
identified (for example, see Group I, II, IIIA, and IIIB in the 
following literature; Kridel, S.J. et al. f J. Biol. Chem. 276, 
20572-20578, 2001) , and any desired sequence may be used. The 
above-mentioned Pro-X-X-Hy may be used for MMP-2, and in addition, 

15 (Ile/Leu) -X-X-Hy, Hy-Ser-X-Leu, and His-X-X-Hy (see, for example, 
Group I, II, III, and IV in the following literature; Chen, E.I. et 
al., J. Biol. Chem. 277, 4485-4491, 2002) may also be used. The 
cleavage sequence for the MMP family comprising MMP-7, MMP-1, MMP-2, 
MMP-9, MMP-3, and MT1-MMP (MMP-14) can be appropriately selected, 

20 for example, by referring to the sequences of natural substrate 
proteins or by screening a peptide library (Turk, B.E. et al., Nature 
Biotech. 19, 661-667, 2001; Woessner, J.F. and Nagase, H., Matrix 
metalloproteinases and TIMPs. (Oxford University Press, Oxford, UK, 
2000); Fernandez-Patron, C. et al., Circ. Res. 85, 906-911, 1999; 

25 Nakamura, H. etai., J. Biol. Chem. 275, 38885-38890, 2000; McQuibban, 
G.A. et al., Science 289, 1202-1206, 2000; Sasaki, T. et al., J. Biol. 
Chem. 272, 9237-9243, 1997). Examples of the eight amino acid 
sequences P4-P3-P2-P1-P1' -P2 ' -P3' -P4' (cleavage occurs between PI 
and PI') of the cleavage site include VPMS-MRGG for MMP-1, RPFS-MIMG 

30 for MMP-3, VPLS-LTMG for MMP-7, and IPES-LRAG for MT1-MMP, but are 
not limited thereto . PLAYWAR (Nezel-Amett , S. etai., Anal. Biochem. 
195, 86, 1991) is an example for MMP-8. Various synthetic substrates 
of MMP are available, and can be compared to each other (see, for 

example, each of the MMP substrates in the Calbiochem® catalog, 
35 Merck) . 

Generally, MMP activity in tissues is regulated through the 
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process of: latent enzyme production, latent enzyme activation, and 
active enzyme inhibition by inhibitors. MMP activity is involved in 
various physiological phenomena, such as development and ovulation, 
fertilization, implantation to the endometrium, and wound healing. 
5 Disorder in the regulation of MMP activity contributes to various 
pathologies including, for example, infiltration and metastasis of 
cancer cells, arthritis, gingivitis, arteriosclerosis, tumor, and 
fibrosis. For example, gellatinases (MMP-2 and -9) that degrade the 
basal membrane components are known to be important for metastasis 

10 of cancer. MMP-2 is activated by cleavage of pro-MMP-2 by MT1-MMP . 
On the other hand, a pathway for the activation of MMP-9 exists wherein 
first plasmin is produced from plasminogen by uPA to activate proMMP-3, 
and then the active MMP-3 activates proMMP-9 . This pathway is involved 
in metastasis of cancer. In order to develop the vectors of this 

15 invention as cancer-targeting vectors, it is particularly useful to 
introduce a sequence cleaved by those proteases involved with 
metastasis of cancer as the cleavage site of the F protein. Examples 
of such proteases include MMP-2, MMP-9, uPA, MMP-3, and MT1-MMP, more 
specifically, MMP-2, MMP-9, and uPA. 

20 ' When incorporating a protease cleavage sequence into the F 

protein, the protease cleavage sequence of interest is inserted into 
the cleavage site of the F protein and the originally existing 
trypsin-like protease cleavage site is preferably degenerated. To 
accomplish this purpose, the amino acid sequence around the original 

25 cleavage site for the trypsin-like protease can be substituted with 
the protease cleavage sequence (recognition sequence) of interest. 
The modified F protein is cleaved by the protease of interest when 
expressed in cells, and maintains the cell membrane fusion activity 
of the F protein. The amino acids close to the N-terminus of the Fl 

30 fragment produced by cleavage of the F protein are considered to play 
an important role in cell membrane fusion. Therefore, unless cleavage 
is inhibited, the cleavage sequence is preferably designed so that 
the N-terminal sequence of the Fl fragment after cleavage is identical 
to that of the Fl fragment of the wild-type F protein. Furthermore, 

35 to insert a linker into the cleavage site to induce efficient cleavage 
reaction, it is preferred that the smallest number of amino acids 
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needed is added to the N-terminus of the cleaved Fl fragment in 
comparison to that of the wild-type Fl . For example, five amino acids 
or less, preferably four amino acids or less, or more preferably three 
amino acids or less (for example, one, two, or three amino acids) 
5 are added to the N-terminus after cleavage in comparison to the 
wild-type Fl. For example, the present invention elucidated that the 
addition of Met-Thr-Ser (SEQ ID NO: 1) added to the N-terminus of 
the Fl fragment of the modified F protein did not impair either the 
cleavage reaction by MMP or the cell membrane fusion reaction after 

10 the cleavage. Therefore, the cleavage sequence is preferably 
designed so that Met-Thr-Ser, or conservative substitution sequences 
thereof or amino acids comprising a partial sequence thereof, is added 
to the N-terminus of Fl after cleavage. The phrase "conservative 
substitution" refers to a substitution between amino acids whose amino 

15 acid side chains have similar chemical characteristics . Specifically, 
Met can be substituted with lie or Val, Thr can be substituted with 
Ser or Ala, and Ser can be substituted with Ala, Asn, or Thr. 
Substitution of amino acids at each position can be performed 
independently. 

20 More specific examples of the preferred cleavage sequence for 

MMP-2 and -9 include those comprising Pro-Leu/Gln-Gly (SEQ ID NO: 
2). This sequence is a common sequence among synthetic substrates 
(Netzel-Arnett, S. et al. r Anal. Biochem. 195, 86-92, 1991) used as 
substrates, and the F protein is designed so that this sequence is 

25 positioned at the C-terminus of the F2 fragment after cleavage of 
the modified F protein. To accomplish this, the sequence comprising 
the C-terminal amino acids of the F2 fragment after cleavage of the 
wild-type F protein is replaced with a sequence comprising 
Pro-Leu/Gln-Gly. The original sequence corresponding to one or 

30 several amino acids of the C-terminus of the F2 fragment of the F 
protein is appropriately deleted, and then, Pro-Leu/Gln-Gly is 
inserted (i.e., perform substitution) . The number of amino acids to 
be deleted may be equal to the number of amino acids to be inserted 
(for example, three amino acids), or can be selected in the range 

35 of zero to ten amino acids or such. As long as the steps of cleavage 
by a protease and membrane fusion are not impaired, the F protein 
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can be prepared so that the N-terminus of Fl is directly linked 
downstream of Pro-Leu/Gln-Gly . However, in the F protein of Sendai 
virus or such, the cleavage sequence and the Fl fragment are preferably 
linked via an appropriate spacer. Particularly preferred examples 
5 of such spacer-comprising cleavage sequences include those sequences 
comprising Pro-Leu/Gln-Gly-Met-Thr-Ser (SEQ ID NO: 3) or 
Pro-Leu/Gln-Gly-Met-Thr (SEQ ID NO: 4). Met, Thr, and Ser can be 
conservatively substituted with other amino acids. More preferred 
examples of proteins include modified F proteins in which one to ten 

10 residues, such as one, two, three, four, five, or six residues, 
sequentially linked from the C-terminal amino acid in F2 after cleavage 
towards the N-terminus, are replaced with a sequence comprising 
Pro-Leu/Gln-Gly-Met-Thr-Ser or Pro-Leu/Gln-Gly-Met-Thr. For 
example, in the case of the Sendai virus F protein, an F protein in 

15 which the sequence (although it depends on the strain, it is typically 
113 Pro-Gln-Ser-Arg 116 i) corresponding to the four C-terminal amino 
acids of the F2 fragment in the wild-type F protein (SEQ ID NO: 5) 
is replaced with Pro-Leu/Gln-Gly-Met-Thr-Ser and such. 

Any other desired sequence described in the present invention 

20 may be used as the cleavage sequence of MMP. In the interest of 
substrate specificity of the various MMPs, analyses have been 
performed using peptide libraries (Turk, B.E. etal., Nature Biotech . 
19, 661-667, 2001) . Detailed analyses have been performed for MMP-2 
(Chen, E.I. etal., J. Biol. Chem. 277(6), 4485-4491, 2002) and MMP- 9 

25 (Kridel, S.J. etal., J. Biol. Chem. 276(8), 20572-20578, 2001) of 
interest. Regarding MMP-9 in particular , the consensus sequence from 
P3 to P2' (P3-P2-P1-P1' -P2' ; cleavage takes place between Pl-Pl' ) 
is proposed as Pro-X-X-Hy- (Ser/Thr) (X= any residues; Hy= hydrophobic 
residue) . This consensus sequence also matches one of those proposed 

30 for MMP-2 (Pro-X-X-Hy), and thus, is considered to be a good design 
to accomplish specificity for MMP-2 and MMP-9. Therefore, from such 
aspects as well, the sequences shown above 

(Pro-Leu/Gln-Gly-Met-Thr-Ser or Pro-Leu/Gln-Gly-Met-Thr) have been 
supported as preferable examples. Specifically, the sequence of the 

35 F protein cleavage site preferably comprises Pro-X-X-Hy-Thr/Ser, and 
more preferably Pro-X-X-Hy-Thr/Ser-Thr/Ser ("Thr/Ser" means either 
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Thr or Ser) . For example, Pro-Leu-Gly-Leu-Trp-Ala and 

Pro-Gln-Gly-Leu-Tyr-Ala that do not match with Pro-X-X-Hy-Thr/Ser 
are not preferred ( Fig . 44) . By inserting into the F protein cleavage 
site a peptide that matches with the Pro-X-X-Hy-Thr/Ser sequence, 
5 a vector showing high infiltration ability in the presence of MMP 
can be constructed. 

Other examples of preferable cleavage sequences include those 
cleaved by a plasminogen activator. Specific examples of cleavage 
sequences of uPA and tPA include sequences comprising Val-Gly-Arg. 

10 The F protein is designed so that this sequence is positioned at the 
C-terminus of the F2 fragment of the modified F protein after cleavage . 
To accomplish this, the sequence comprising C-terminal amino acids 
of the F2 fragment after cleaving the wild-type F protein can be 
replaced with a sequence comprising Val-Gly-Arg (SEQ ID NO: 6) . More 

15 preferable examples of preferred proteins include a modified F protein 
in which one to ten residues, for example, one, two, three, four, 
five, or six residues, sequentially positioned from the C-terminal 
amino acid of F2 after cleavage towards the N-terminus are replaced 
with Val-Gly-Arg or a sequence comprising this sequence . For instance , 

20 in the Sendai viral F protein, examples include the F protein whose 
sequence corresponding to the three C-terminal amino acids of the 
F2 fragment in the wild-type F protein (typically 114 Gln-Ser-Arg 116 
i (SEQ ID NO: 7), although it depends on the strain) is substituted 
with Val-Gly-Arg. 

25 To efficiently identify a modified F protein that exerts 

fusogenicity in the presence of a specific protease, an assay system 
using a plasmid vector can be utilized (Example 31) . Specifically, 
a plasmid vector expressing the modified F protein is transfected 
to cells, and the resulting cell is cultured in the presence of a 

30 protease to detect syncytium formation. The modified F protein 
encoded by the plasmid that causes syncytium formation is cleaved 
by protease to determine if it shows fusogenicity. For example, to 
assay the F protein that is cleaved by MMP, HT1080 cells that express 
MMP may be used. Alternatively, MMP may be added to the culture system. 

35 Using the assay system developed in this invention, a modified F 
protein having fusogenicity can be readily obtained. 
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A vector encoding a modified F protein can introduce the genomic 
RNA contained in the vector into cells contacting the cells transf ected 
with the vector, depending on the presence of a protease that cleaves 
the modified F protein. The action of the cleaved F protein causes 
5 cell fusion between cells in contact, and the RNP spreads to the fused 
cells. That is, the vector of the present invention does not form 
viral particles; however, it can transfer the vector to a localized 
region due to the infiltration of vectors into contacting cells such 
as described above. The protease may be expressed intracellularly 

10 or extracellularly, or may be added exogenously. 

The modified F proteins provided by the present invention show 
cell f usogenicity depending on a specific protease . By utilizing this 
protein, viral vectors, drugs and gene delivery vectors, such as 
liposomes, that causes cell fusion or specific infection only in the 

15 presence of the protease can be constructed. For example, by equipping 
the F gene of an adenoviral vector comprising F and HN genes (Galanis, 
E. et al., Hum. Gene Ther. 12, 811-821, 2001) with the gene of the 
modified F protein which is cleaved by a protease specifically 
expressed in cancer cells, vectors that cause cell fusion in the 

20 presence of the specific protease can be developed. In addition, for 
example, when pseudotyping a retrovirus with F and HN proteins (Spiegel, 
M. et al., J Virol. 72(6), 5296-5302, 1998), a cancer cell-targeting 
vector that specifically infects cancers may be developed using the 
modified F protein during construction process, which protein is 

25 cleaved by a protease expressed in cancers. As described above, in 
addition to the vectors of this invention, the modified F proteins 
provided by the present invention and nucleic acids encoding them 
may be utilized to develop various vectors that depend on proteases. 

Furthermore, the present invention provides paramyxoviral 

30 vectors comprising a modified F protein in which the cell fusogenicity 
is increased by deletion of the cytoplasmic domain. A portion of the 
amino acids of the cytoplasmic domain is deleted such that 0 to 28, 
preferably 1 to 27, and more preferably 4 to 27 amino acids exist 
in the cytoplasmic domain of this modified F protein. The phrase 

35 "cytoplasmic domain" refers to the cytoplasmic side of the membrane 
protein, and in the F protein, it corresponds to the C-terminal region 
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of the transmembrane (TM) region (see Fig. 42) . For example, the F 
protein comprising 6 to 20, preferably 10 to 16, and more preferably 
13 to 15 amino acids as the cytoplasmic domain shows significantly 
high levels of cell f usogenicity as compared to the wild-type F protein . 
5 Therefore, preparation of a paramyxoviral vector that comprises an 
F protein modified such that its cytoplasmic domain comprises 
approximately 14 amino acids enables the acquisition of vectors having 
higher cell f usogenicity as compared to those obtained with a wild-type 
F protein. Preferably, this deletion F protein lacks 10 or more, 

10 preferably 15 or more, more preferably 20 or more, still more 
preferably 25 or more, and furthermore preferably 28 or more of the 
C-terminal amino acids of the wild-type F protein. According to the 
most preferred aspect, the cytoplasmic domain-deleted F protein lacks 
approximately 28 amino acids from the C-terminus of the wild-type 

15 F protein. The paramyxoviral vectors which comprise genes encoding 
these cytoplasmic domain-deleted F proteins on the genome have higher 
cell f usogenicity as compared to conventional vectors, and thus, more 
strongly infiltrate into the surrounding cells. Modification of the 
cleavage site of this F protein as described herein yields a vector 

20 that exhibits a high infiltration ability only in the presence of 
a specific protease. 

The present invention further relates to a fusion protein 
consisting of two kinds of spike proteins carried by the paramyxovirus . 
The paramamyxovirus has a protein considered to function in cell fusion 

25 (called the "F" protein) and a protein considered to function in 
adhesion to cells (called the "HN" or "H" protein) . Herein, the former 
is generally called the F protein, and the latter the HN protein. 
These two proteins expressed as a fusion protein exert extremely strong 
fusogenicity as compared to separate expression of the proteins. In 

30 this fusion protein, the proteins are bonded through a portion of 
their cytoplasmic domains. Specifically, the fusion protein 
comprises the F protein at its N-terminus and the HN (or H) protein 
at its C-terminus. When fusing these proteins, the whole proteins 
may be fused to each other, or alternatively, the F protein which 

35 lacks a portion or the whole cytoplasmic domain may be fused to the 
HN (or H) protein. In the latter case, the number of amino acid 
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residues from downstream of the TM region of the F protein to the 
HN (or H) protein is five or more, preferably ten or more, more 
preferably 14 or more, and still more preferably 20 or more. For 
example, when fusing an F protein that lacks the cytoplasmic domain 
5 to the HN (or H) protein, it is preferable to adjust the length by 
adding a linker peptide of appropriate length to the C-terminus of 
the F protein portion. Specifically, a cytoplasmic domain-deleted 
F protein comprising 14 residues of cytoplasmic domain fused to the 
HN (orH) protein via any linker peptide is preferably used. The linker 

10 peptide may be, for example, approximately 50 residues. The amino 
acid sequence of the linker peptide is not particularly limited; 
however, it is preferable to adopt a polypeptide which does not have 
significant physiological activity, and suitable examples include 
the polypeptide shown in Fig. 43 (SEQ ID NO: 80) . 

15 The present invention further relates to nucleic acids encoding 

these fusion proteins, and expression vectors comprising these 
nucleic acids. Cells transfected with these expression vectors show 
strong f usogenicity , and form syncytia through fusion with the 
surrounding cells. Expression vectors are not particularly limited, 

20 and include, for example, plasmid vectors and viral vectors. In the 
case of a DNA vector, use in combination with a strong promoter such 
as the CAG promoter (a chimeric promoter comprising chicken (3-actin 
promoter and CMV enhancer) (Niwa, H. etal., Gene 108, 193-199, 1991) 
is preferred. A viral vector expressing a protein of the present 

25 invention yields strong fusion in transfected cells. Examples of 
suitable viral vectors include retroviral vectors, lentiviral vectors, 
adenoviral vectors, adeno-associated viral vectors, minus strand RNA 
viral vectors, simple herpes viral vectors, retroviral vectors, 
lentiviral vectors, Semliki forest viral vectors, sindbis viral 

30 vectors, vaccinia viral vectors, fowlpox viral vectors, and other 
preferable viral vectors. The paramyxovirus vectors that express the 
present protein (s) exhibit high infiltration ability towards various 
tissues. In particular, the use of an M gene-deleted paramyxoviral 
vector encoding a fusion protein of the present invention with a 

35 modified F protein cleavage site leads to the production of a vector 
that induces strong cell fusion in specific tissues. 



36 



These recombinant viral vectors can be prepared according to 
methods well known to those skilled in the art. For example, an 
adenoviral vector that is most commonly used for gene therapy and 
such can be constructed by the method of Saito et al. and other methods 
5 (Miyake et al. , Proc. Natl. Acad. Sci. USA, 93, 1320-24, 1996; Kanegae 
et al., Acta Paediatr. Jpn., 38, 182-188, 1996; Kanegae et al., 
"Baiomanyuaru shiriizu 4-Idenshi-donyu to HatsugenDKaisekiho 
(Biomanual Series 4: Methods for gene transf ection, expression, and 
analysis)", Yodosha, 43-58, 1994; Kanegae et al., Cell Engineering, 

10 13(8), 757-763, 1994). In addition, for example, retroviral vectors 
(Wakimoto et al., Protein Nucleic acid and Enzyme (Japanese) 40, 
2508-2513, 1995), adeno-associated viral vectors (Tamaki et al., 
Protein Nucleic acid and Enzyme (Japanese) 40, 2532-2538, 1995) and 
such can be prepared by conventional methods. As specific methods 

15 for producing other viral vectors capable of transferring genes to 
mammals, methods for producing recombinant vaccinia virus are known 
and described in Published Japanese Translation of International 
Publication No. Hei 6-502069, Examined Published Japanese Patent 
Application No. (JP-B) Hei 6-95937, and JP-B Hei 6-71429. Known 

20 methods for producing recombinant papilloma viruses include those 
described in JP-B Hei 6-34727, and Published Japanese Translation 
of International Publication No. Hei 6-505626. Furthermore, known 
methods for producing recombinant adeno-associated viruses and 
recombinant adenoviruses include those described in Unexamined 

25 Published Japanese Patent Application No. (JP-A) Hei 5-308975 And 
Published Japanese Translation of International Publication No. Hei 
6-508 039, respectively. 

In the RNA genome, which is comprised in the vector provided 
as an aspect of this invention, the gene encoding the matrix (M) protein 

30 (i.e., the M gene) is mutated or deleted. According to the present 
invention, the cleavage site of the F protein is modified to a sequence 
that is cleaved by another protease, and furthermore, the M gene is 
mutated or deleted to suppress particle forming ability. Thereby, 
a vector with a completely new property that does not release viral 

35 particles, and infiltrates into only a group of cells expressing a 
particular protease has been successfully developed. The mutation 
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of the M gene eliminates or significantly lowers the particle forming 
activity in the intrahost environment. Such mutations in cells that 
express this M protein can be identified by detecting a decrease in 
the cell surface aggregation of this protein (see Examples) . 
5 According to the present invention, the most effective 

modification for suppressing secondary release of particles, i.e., 
release of VLP, was confirmed to be the deletion of the M protein. 
This fact is also supported by studies reporting on the role of the 
M proteins in virion formation in Sendai virus (SeV) and other minus (-) 

10 strand RNA viruses. For example, it has-been found that strong 
expression of the M protein in vesicular stomatitis virus (VSV) causes 
the budding of VLPs (Justice, P. A. et al., J. Virol. 69, 3156-3160, 
1995) ; likewise, parainfluenza virus VLP formation is also reported 
to occur on mere overexpression of M protein (Coronel, E.C. et al., 

15 J. Virol. 73, 7035-7038, 1999). While this kind of VLP formation, 
caused by M protein alone, is not observed in all (-) strand RNA viruses, 
M proteins are recognized to serve as virion formation cores in 
(-) strand RNA viruses (Garoff, H. et al., Microbiol. Mol . Biol. Rev. 
62, 1171-1190, 1998) . 

20 The specific role of the M protein in virion formation is 

summarized as follows: Virions are formed in so-called lipid rafts 
on the cell membrane (Simons, K. and Ikonen, E., Nature 387, 569-572, 
1997) . These were originally identified as lipid fractions that were 
insoluble with non-ionic detergents, such as Triton X-100 (Brown, 

25 D.A. and Rose, J.K., Cell 68, 533-544, 1992). Virion formation in 
lipid rafts has been demonstrated for the influenza virus (Ali, A. 
et al., J. Virol. 74, 8709-8719, 2000), measles virus (MeV; Manie, 
S.N. et al., J. Virol. 74, 305-311, 2000), SeV (Ali, A. and Nayak, 
D.P., Virology 276, 289-303, 2000), and others. At these lipid raft 

30 sites, the M protein enhances virion formation, concentrating 
envelope proteins (also referred to as spike proteins) and 
ribonucleoprotein (RNP) . In other words, the M protein may function 
as a driving force for virus assembly and budding (Cathomen, T. et 
al., EMBO J. 17, 3899-3908, 1998; Mebatsion, T. et al., J. Virol. 

35 73, 242-250, 1999) . In fact, the M protein has been revealed to bind 
to the cytoplasmic tail of influenza virus spike proteins and such 
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(Zhang, J. etal., J. Virol. 74, 4634-4644, 2000), SeV (Sanderson, 
CM. et al., J. Virol. 67, 651-663, 1993). It also binds with the 
RNP of the influenza virus (Ruigrok, R.W. etal., Virology 173, 311-316, 
1989), parainfluenza virus, SeV (Coronel, E.C. etal., J. Virol. 75, 
5 1117-1123, 2001), etc. Further, in the case of SeV (Heggeness, M.H. 
etal., Proc. Natl. Acad. Sci. USA 79, 6232-6236, 1982) and vesicular 
stomatitis virus, etc (VSV; Gaudin, Y. et al., Virology 206, 28-37, 
1995; Gaudin, Y. etal., J. Mol . Biol. 274, 816-825, 1997), M proteins 
have been reported to form oligomers with themselves. Thus, due to 

10 the capacity of the M protein to function in association with many 
virus components and lipids, the protein is considered to function 
as the driving force for virus assembly and budding. 

In addition, some reports suggest that envelope protein (spike 
protein) modification may also suppress VLP release. The following 

15 experimental examples are specific reports in which virion formation 
was actually suppressed: a G protein deficiency in rabies virus (RV) 
resulted in a 1/30 reduction of VLP formation (Mebatsion, T. et al., 
Cell 84, 941-951, 1996). When the M protein was deficient , this level 
dropped to 1/500,000 or less (Mebatsion, T. et al., J. Virol. 73, 

20 242-250, 1999). Further, in the case of the measles virus (MeV) , 
cell-to-cell fusion was enhanced when the M protein was deficient 
(Cathomen, T. etal., EMBO J. 17, 3899-3908, 1998). This is presumed 
to result from the suppression of virion formation (Li, Z. et al., 
J. Virol. 72, 3789-3795, 1998). In addition, similar fusion 

25 enhancement arose with mutations in the cytoplasmic tail of F or H 
protein (the tail on the cytoplasmic side) (Cathomen, T. et al., J. 
Virol. 72, 1224-1234, 1998). Therefore, introducing a mutation which 
causes the deletion of only the cytoplasmic tail of the F and/or HN 
proteins may suppress particle formation. However, since many VLPs 

30 have been reported to exist in the F-deficient form (WO 00/70070) 
or the HN-deficient form (Strieker, R. and Roux, L., J. Gen. Virol. 
72, 1703-1707, 1991), particularly in SeV, the effect of modifying 
these spike proteins may be limited. Furthermore, the following has 
also been clarified with regards to SeV: When the SeV proteins F and 

35 HN are on secretory pathways (specifically, when they are located 
in Golgi bodies, etc.), the cytoplasmic tails (of the F and HN proteins) 
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bind with the M protein (Sanderson, CM. etal., J. Virol. 67, 651-663, 
1993; Sanderson, CM. etal., J. Virol. 68, 69-76, 1994). Thus, it 
is presumed that this binding is important for the efficient transfer 
of the M protein to cell membrane lipid rafts, where virions are formed. 
5 The M protein was thought to bind to the F and HN proteins in the 
cytoplasm, and as a result to be transferred to the cell membrane 
via F and HN protein secretory pathways. As described above, the M 
protein plays an essential role in viral particle formation. The use 
of a modified M protein gene that eliminates M protein aggregation 

10 on the cell surface enables production of vectors without particle 
forming ability. 

The subcellular localization of the M protein can be determined 
by cell fractionation, or by directly detecting M protein localization 
using immunostaining, or such. In immunostaining, for example, M 

15 protein stained by a f luorescently labeled antibody can be observed 
under a confocal laser microscope. Alternatively, after the cells 
have been lysed, a cell fraction can be prepared using a known cell 
fractionation method, and localization can then be determined by 
identifying the M protein-containing fraction using a method such 

20 as immunoprecipitation or Western blotting using an antibody against 
the M protein. Virions are formed in so-called cell membrane lipid 
rafts, lipid fractions that are insoluble with non-ionic detergents 
such as Triton X-100. The M protein is believed to participate in 
the aggregation of viral components in the lipid rafts due to its 

25 ability to bind to spike proteins, RNP, and to M protein itself, and 
further to lipids. Accordingly, the M protein, detected by 
electrophoresis or such with the lipid raft fraction, is presumed 
to reflect aggregated M protein . Namely, when the amount of detectable 
M protein is reduced, cell-surface M protein aggregation is determined 

30 to be reduced. M protein aggregation on cell membranes can be directly 
observed using the immunocytological staining methods used by the 
present inventors for detecting subcellular localization. This 
utilizes an anti-M antibody available for immunocytological staining. 
On investigation using this method, an intensely condensed image is 

35 observed near the cell membrane when the M protein is aggregated. 
When the M protein is not aggregated, there is neither a detectable 
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condensation pattern nor a clear outline of the cell membrane. In 
addition, only a slight stain is observed in the cytoplasm. Thus, 
when little or no condensation pattern is detected, the cell membrane 
outline is indistinct, and slight staining is observed throughout 
5 the cytoplasm, cell-surface M protein aggregation is judged to be 
reduced. 

Mutant M proteins having significantly reduced cell-surface 
aggregation activity are judged to have significantly lower particle 
formation ability as compared to that of wild-type M proteins. The 

10 reduction of particle formation ability in the virus is statistically 
significant (for example, at a significant level of 5% or less). 
Statistical verification can be carried out using, for example, the 
Student t-test or the Mann-Whitney (7-test. Particle formation 
ability of the virus vectors, comprising mutant M gene, in intrahost 

15 environment is reduced to a level of preferably 1/5 or less, more 
preferably 1/10 or less, more preferably 1/30 or less, more preferably 
1/50 or less, more preferably 1/100 or less, more preferably 1/300 
or less, and more preferably 1/500 or less. Most preferably, the 
vectors of this invention substantially lack viral particle-producing 

20 ability in the intrahost environment. The phrase "substantially 
lack" means that no viral particle production is detected in the 
intrahost environment. In such cases, there exist 10 3 or less, 
preferably 10 2 or less, and more preferably 10 1 or less per ml of the 
viral particles. 

25 The presence of viral particles can be directly confirmed by 

observation under an electron microscope, etc. Alternatively, they 
can be detected and quantified using viral nucleic acids or proteins 
as indicators. For example, genomic nucleic acids in the viral 
particles may be detected and quantified using general methods of 

30 nucleic acid detection such as the polymerase chain reaction (PCR) . 
Alternatively, viral particles comprising a foreign gene can be 
quantified by infecting them into cells and detecting expression of 
that gene. Non-infective viral particles can be quantified by 
detecting gene expression after introducing the particles into cells 

35 in combination with a transfection reagent. The viral particles of 
the present invention comprise particles without infectivity, such 
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as VLP. 

Furthermore, potency of the virus can be determined, for example, 
by measuring Cell-Infected Units (CIU) or hemagglutination activity 
(HA) (WO 00/70070; ' Kato, A. et al., Genes Cells 1, 569-579, 1996; 
5 Yonemitsu, Y. and Kaneda, Y., ^Hemaggulutinating virus of 
Japan-liposome-mediated gene delivery to vascular cells.", Ed. by 
Baker, A. H., Molecular Biology of Vascular Diseases. Methods in 
Molecular Medicine., Humana Press., 295-306, 1999) . In the case of 
vectors labeled with marker genes, such as the GFP gene, virus titer 

10 is quantified by directly counting infected cells using the marker 
as an indicator (e.g., as GFP-CIU) as described in the Examples. 
Titers thus determined can be considered equivalent to CIU (WO 
00/70070) . For example, the loss of viral particle production ability 
can be confirmed by the lack of detectable infectivity titer when 

15 cells are transf ected with a sample which may comprise viral particles . 
Detection of viral particles (VLP and such) without infectivity can 
be performed by transf ection using a lipofection reagent. 
Specifically, for example, DOSPER Liposomal Transfection Reagent 
(Roche, Basel, Switzerland; Cat. No. 1811169) can be used. One hundred 

20 microliters of a solution with or without viral particles is mixed 
with 12.5 jil DOSPER, and allowed to stand for ten minutes at room 
temperature. The mixture is shaken every 15 minutes and transf ected 
to cells confluently cultured on 6-well plates. VLPs can be detected 
by the presence or absence of infected cells from the second day after 

25 transfection. 

The phrase "intrahost environment" refers to an environment 
within the host wherein the wild-type paramyxovirus, from which the 
vector of interest is derived, normally proliferates in nature, or 
an environment that allows equivalent virus proliferation. The 

30 intrahost environment may be, for example, the optimum growth 
condition for the virus . When the host of the paramyxovirus is a mammal, 
the intrahost environment refers to the in vivo environment of a mammal, 
or equivalent environment thereof. Namely, the temperature is 
approximately 37°C to 38°C (for example, 37°C) corresponding to that 

35 in the body of the mammal . An example of an in vitro condition includes 
a normal cell culture condition, more specifically a moist culture 
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environment in a media with or without serum (pH 6.5 to 7.5) , at 37 °C, 
under 5% C0 2 . 

Important differences in the activity of a modified M protein 
due to environmental conditions include conditional mutations of the 
5 M protein, such as temperature sensitive mutations. The phrase 
"conditional mutation" refers to a mutation which shows a mutated 
phenotype of "loss of function" in the intrahost environment, while 
exhibiting functional activity in another environment. For example, 
a gene encoding a temperature-sensitive mutated M protein, whose 

10 function is mostly or completely lost at 37 °C but is recovered at 
a lower temperature, can be preferably used. The phrase 
"temperature-sensitive mutation" refers to a mutation wherein the 
activity is significantly decreased at high temperature (for example, 
37°C) as compared to that at low temperature (for example, 32°C). 

15 The present inventors successfully produced a viral particle whose 
particle forming ability is dramatically decreased at 37°C, a 
temperature corresponding to the intrahost environment, using the 
temperature-sensitive mutant of the M protein. This M protein mutant 
aggregates at the cell surface under low temperature conditions (for 

20 example, 32 °C) to form viral particles; however, at the normal body 
temperature (37 °C) of a host, it loses aggregability and fails to 
form viral particles . A vector comprising nucleic acids encoding such 
a temperature-sensitive M protein mutant on its genome is preferred 
as the vector of this invention. The M protein of such a viral vector 

25 encodes a conditionally mutated M protein that functions under M 
protein functioning conditions, i.e., permissive conditions, to form 
viral particles. When viral particles produced in this manner are 
infected under normal environment, the M protein cannot function and, 
thus, no particles are formed. 

30 The temperature-sensitive M gene mutation is not particularly 

limited, however, and includes, for example, at least one of the amino 
acid sites selected from the group consisting of G69, T116, and A118 
from the Sendai virus M protein, preferably two sites arbitrarily 
selected from among these, and more preferably all three sites . Other 

35 (-) strand RNA virus M proteins comprising homologous mutations can 
also be used as appropriate. Herein, G69 means the 69th amino acid 
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glycine in M protein, T116 the 116th amino acid threonine in M protein, 
and A183 the 183rd amino acid alanine in M protein. 

The gene encoding the M protein (i.e., the M gene) is widely 
conserved in (-) strand RNA viruses, and is known to interact with 
5 both the viral nucleocapsid and the envelope proteins (Garoff, H. et 
al. , Microbiol. Mol. Biol. Rev. 62, 117-190, 1998) . The SeV M protein 
amino acid sequence 104 to 119 ( 104-KACTDLRITVRRTVRA-119 / SEQ ID 
NO: 45) is presumed to form an amphiphilic .-helix, and has been 
identified as an important region for viral particle formation (Mottet, 

10 G. et al., J. Gen. Virol. 80, 2977-2986, 1999) . This region is widely 
conserved among ( - ) strand RNA viruses . M protein amino acid sequences 
are similar among (-) strand RNA viruses. In particular, known M 
proteins in viruses belonging to the subfamily Paramyxovirus are 
commonly proteins with 330 to 380 amino acid residues . Their structure 

15 is similar over the whole region, though the C-end halves have 
particularly high homology (Gould, A. R., Virus Res. 43, 17-31, 1996; 
Harcourt, B. H. etal., Virology 271, 334-349, 2000). Therefore, for 
example, amino acid residues homologous to G69, T116 and A183 of the 
SeV M protein can be easily identified. 

20 Amino acid residues at sites homologous to other (-) strand RNA 

virus M proteins corresponding to G69, T116 and A183 of the SeV M 
proteins can be identified by one skilled in the art through alignment 
with the SeV M protein, using an amino acid sequence homology search 
program which includes an alignment forming function, such as BLAST, 

25 or an alignment forming program, such as CLUSTAL W. Examples of 
homologous sites in M proteins that correspond to G69 in the SeV M 
protein include G69 in human parainfluenza virus-1 (HPIV-1) ; G73 in 
human parainfluenza virus-3 (HPIV-3) ; G70 in phocine distemper virus 
(PDV) and canine distemper virus (CDV) ; G71 in dolphin molbillivirus 

30 (DMV) ; G70 in peste-des-petits-ruminants virus (PDPR) , measles virus 
(MV) and rinderpest virus (RPV) ; G81 in Hendra virus (Hendra) and 
Nipah virus (Nipah) ; G70 in human parainfluenza virus-2 (HPIV-2); 
E47 in human parainfluenza virus-4a (HPIV-4a) and human parainfluenza 
virus-4b (HPIV-4b) ; and E72 in mumps virus (Mumps). (Descriptions 

35 in brackets indicate the abbreviation; letters and numbers indicate 
amino acids and positions . ) Examples of homologous sites of M proteins 
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corresponding to T116 in the SeV M protein include T116 in human 
parainfluenza virus-1 (HPIV-1) ; T120 in human parainfluenza virus-3 
(HPIV-3) ; T104 in phocine distemper virus (PDV) and canine distemper 
virus (CDV) ; T105 in dolphin molbillivirus (DMV); T104 in 
5 peste-des-petits-ruminants virus (PDPR) , measles virus (MV) , 
rinderpest virus (RPV) ; T120 in Hendra virus (Hendra) and Nipah virus 
(Nipah) ; T117 in human parainfluenza virus-2 (HPIV-2) and simian 
parainfluenza virus 5 (SV5) ; T121 in human parainfluenza virus-4a 
(HPIV-4a) and human parainfluenza virus-4b (HPIV-4b) ; T119 in mumps 

10 virus (Mumps); and S120 in Newcastle disease virus (NDV) . Examples 
of homologous sites of M proteins corresponding to A183 of SeV M protein 
are A183 in human parainfluenza virus-1 (HPIV-1); F187 in human 
parainfluenza virus-3 (HPIV-3) ; Y171 in phocine distemper virus (PDV) 
and canine distemper virus (CDV); Y172 in dolphin molbillivirus (DMV); 

15 Y171 in peste-des-petits-ruminants virus (PDPR); measles virus (MV) 
and rinderpest virus (RPV) ; Y187 in Hendra virus (Hendra) and Nipah 
virus (Nipah); Y184 in human parainfluenza virus-2 (HPIV-2); F184 
in simian parainfluenza virus 5 (SV5) ; F188 in human parainfluenza 
virus-4a (HPIV-4a) and human parainfluenza virus-4b (HPIV-4b) ; F186 

20 in mumps virus (Mumps) ; and Y187 in Newcastle disease virus (NDV) . 
Among the viruses mentioned above, viruses suitable for use in the 
present invention include those comprising genomes which encode an 
M protein mutant, where amino acid residue (s) have been substituted 
at any one of the above-mentioned three sites, preferably at an 

25 arbitrary two of these three sites, and more preferably at all three 
sites . 

An amino acid mutation includes substitution with any other 
desirable amino acid. However, the substitution is preferably with 
an amino acid having different chemical characteristics in its side 

30 chain. Amino acids can be divided into groups such as basic amino 
acids (e. g., lysine, arginine, histidine) ; acidic amino acids (e. 
g., aspartic acid, glutamic acid); uncharged polar amino acids (e. 
g., glycine, asparagine, glutamine, serine, threonine, tyrosine, 
cysteine); nonpolar amino acids (e. g., alanine, valine, leucine, 

35 isoleucine, proline, phenylalanine, methionine, tryptophane) ; 
P-branched amino acids (e. g., threonine, valine, isoleucine); and 
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aromatic amino acids (e. g., tyrosine, phenylalanine, tryptophane, 
histidine) . One amino acid residue, belonging to a particular group 
of amino acids, may be substituted for by another amino acid, which 
belongs to a different group. Specific examples include but are not 
5 limited to: substitution of a basic amino acid for an acidic or neutral 
amino acid; substitution of a polar amino acid for a nonpolar amino 
acid; substitution of an amino acid of molecular weight greater than 
the average molecular weights of 20 naturally-occurring amino acids, 
for an amino acid of molecular weight less than this average; and 

10 conversely, substitution of an amino acid of molecular weight less 
than this average, for an amino acid of molecular weight greater than 
this average. For example, Sendai virus M proteins comprising 
mutations selected from the group consisting of G69E, T116A, and A183S 
or other paramyxovirus M proteins comprising mutations at homologous 

15 positions thereto can be suitably used. Herein, G69E refers to a 
mutation wherein the 69th M protein amino acid glycine is substituted 
by glutamic acid, T116A refers to a mutation wherein the 116th M protein 
amino acid threonine is substituted by alanine, and A183S refers to 
a mutation wherein the 183rd M protein amino acid alanine is 

20 substituted by serine . In other words, G69, T116 and A183 in the Sendai 
virus M protein or homologous M protein sites in other viruses, can 
be substituted by glutamic acid (E) , alanine (A), and serine (S), 
respectively. These mutations are preferably utilized in combination, 
and it is particularly preferable to include all three of the 

25 above-mentioned mutations. M gene mutagenesis can be carried out 
according to a known mutagenizing method. For example, as described 
in the Examples, a mutation can be introduced by using an 
oligonucleotide containing a desired mutation. 

In the case of measles virus for example, the M gene sequence 

30 of temperature-sensitive strain P253-505, in which the epitope 
sequence of an anti-M protein monoclonal antibody has been altered, 
can be used (Morikawa, Y. etal., Kitasato Arch . Exp. Med. 64, 15-30, 
1991) . In addition, the threonine at residue 104 of the measles virus 
M protein, or the threonine at residue 119 of the mumps virus M protein, 

35 . which correspond to the threonine at residue 116 of the SeV M protein, 
may be substituted with any other amino acid (for example, alanine) . 
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According to a more preferred embodiment, the vectors of the 
present invention comprise M gene deficiencies. The phrase "M gene 
deficiency" refers to a lack of the function of M protein, including 
cases where the vector has an M gene comprising a functionally 
5 deficient mutation, and cases where the M gene is absent from the 
vector. A functionally deficient M gene mutation can be produced, 
for example, by deleting the M gene protein-encoding sequence, or 
by inserting another sequence. For example, a termination codon can 
be inserted partway through the M protein-encoding sequence (WO 
10 00/09700) . Most preferably, the vectors of the present invention are 
completely devoid of M protein-encoding sequences. Unlike a vector 
encoding a conditional mutant M protein, a vector without an M protein 
open reading frame (ORF) cannot produce viral particles under any 
conditions . 

15 In order to produce the vectors of the present invention, cDNAs 

encoding the paramyxovirus' genomic RNA are transcribed, in the 
presence of viral proteins necessary for the reconstitution of RNPs 
which comprise the paramyxovirus 7 genomic RNA, i.e., in the presence 
of N, P, and L proteins . The viral RNP may be reconstituted by forming 

20 a negative strand genome (i.e., the antisense strand that is the same 
as the viral genome) or a positive strand (the sense strand encoding 
the viral proteins) . For improved reconstitution efficiency, 
formation of the positive strand is preferable. The 3 '-leader and 
5' -trailer sequence at the RNA ends preferably reflects the natural 

25 viral genome as accurately as possible. To accurately control the 
5 '-end of the transcription product, a T7 RNA polymerase recognition 
sequence may be used as a transcription initiation site to express 
the RNA polymerase in cells. The 3 '-end of the transcription product 
can be controlled, for example, by encoding a self-cleaving ribozyme 

30 onto this 3 f -end, ensuring it is accurately cut (Hasan, M. K. et al., 
J. Gen. Virol. 78, 2813-2820, 1997; Kato, A. etal., EMBO J. 16, 578-587, 
1997; Yu, D. et al., Genes Cells 2, 457-466, 1997). 

A cloning site for inserting foreign genes into cDNA that encodes 
the genomic RNA can be designed in order to facilitate insertion of 

35 a foreign gene. The site may be inserted at any preferred position 
of the protein non-coding region on the genome. Specifically, the 
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site may be inserted between the 3' -leader region and the viral protein 
ORF closest to the 3' -terminus, between viral protein ORFs, and/or 
between the viral protein ORF closest to the 5' -terminus and the 
5' -trailer region. In an M gene-deficient genome, the cloning site 
5 can be designed at the deleted site of the M gene. The cloning site 
may be, for example, a recognition sequence for a restriction enzyme. 
The cloning site may be the so-called multi-cloning site comprising 
a plurality of restriction enzyme recognition sequences . The cloning 
site can be divided to exist at multiple sites on the genome so that 
10 a plurality of foreign genes can be inserted into different positions 
of the genome. 

Recombinant virus RNP lacking particle formation ability can 
be constructed according to, for example, the descriptions in "Hasan, 
M. K. etal., J. Gen. Virol. 78, 2813-2820, 1997", "Kato, A. et al., 

15 EMBO J. 16, 578-587, 1997" and "Yu, D. etal., Genes Cells 2, 457-466, 
1997". This method is outlined below: 

To introduce a foreign gene, a DNA sample comprising the cDNA 
nucleotide sequence of the desired foreign gene is first prepared. 
The DNA sample is preferably electrophoretically identified as a 

20 single plasmid at a concentration of 25 ng/jil or more. The following 
example describes the use of the NotI site in the insertion of a foreign 
gene into DNA encoding viral genomic RNA: If the target cDNA 
nucleotide sequence comprises a NotI recognition site, this site 
should be removed beforehand using a technique such as site-specific 

25 mutagenesis to change the nucleotide sequence, without changing the 
amino acid sequence it codes. The desired gene fragment is amplified 
and recovered from this DNA sample using PCR. By attaching NotI sites 
to the 5 '-regions of the two primers, both ends of the amplified 
fragment become NotI sites. The E-I-S sequence or a part thereof is 

30 included in the primer, so that the E-I-S sequence is placed between 
both the ORFs on either side of the viral genes, and the ORF of the 
foreign gene (after it has been incorporated into the viral genome) . 

For example, to assure cleavage by NotI, the forward side 
synthetic DNA sequence is arranged as follows: Two or more nucleotides 

35 (preferably four nucleotides, excluding sequences such as GCG and 
GCC that are derived from the NotI recognition site; more preferably 
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ACTT) are randomly selected on its 5' -side, and a NotI recognition 
site "gcggccgc" is added to its 3' -side. In addition, a spacer 
sequence (nine random nucleotides, or nucleotides of nine plus a 
multiple of six) and an ORF (a sequence equivalent to about 25 
5 nucleotides and comprising the initiation codon ATG of the desired 
cDNA) are also added to the 3' -side. About 25 nucleotides are 
preferably selected from the desired cDNA, such that G or C is the 
final nucleotides on the 3' -end of the forward side synthetic oligo 
DNA. 

10 The reverse side synthetic DNA sequence is arranged as follows: 

Two or more random nucleotides (preferably four nucleotides, 
excluding sequences such as GCG and GCC that originate in the NotI 
recognition site; more preferably ACTT) are selected from the 5' -side, 
a NotI recognition site "gcggccgc" is added to the 3' -side, and an 

15 oligo DNA insertion fragment is further added to the 3' -side in order 
to regulate length. The length of this oligo DNA is designed such 
that the number of nucleotides in the final PCR-amplif ied NotI fragment 
product, which comprises the E-I-S sequence, becomes a multiple of 
six (the so-called "rule of six"; Kolakofski, D. et al., J. Virol. 

20 72, 891-899, 1998; Calain, P. and Roux, L., J. Virol. 67, 4822-4830, 
1993; Calain, P. and Roux, L . , J. Virol. 67, 4822-4830, 1993). A 
sequence complementary to the Sendai virus S sequence, preferably 
5' -CTTTCACCCT-3' (SEQ ID NO: 8), a sequence complementary to the I 
sequence, preferably 5'-AAG-3', and a sequence complementary to the 

25 E sequence, preferably 5' -TTTTTCTTACTACGG-3' (SEQ ID NO: 9), are 
further added to the 3' -side of the inserted oligo-DNA fragment. When 
these primers to which E-I-S sequence is added are used, the 3' -end 
of the reverse side synthetic DNA is formed by the addition of a 
complementary sequence, equivalent to about 25 nucleotides counted 

30 in reverse from the termination codon of the desired cDNA, and whose 
length is selected such that G or C becomes the final nucleotide. 

PCR can be carried out according to a usual method with Taq 
polymerase or such. Desired fragments thus amplified are digested 
with NotI, and then inserted into the NotI site of the plasmid vector 

35 pBluescript. The nucleotide sequences of the PCR products thus 
obtained are confirmed using a sequencer to select a plasmid comprising 
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the correct sequence. The inserted fragment is excised from the 
plasmid using NotI, and cloned to the NotI site of the plasmid carrying 
the genomic cDNA. Alternatively, recombinant Sendai virus cDNA can 
be obtained by directly inserting the fragment into the NotI site, 
5 without the mediation of the plasmid vector. 

For example, a recombinant Sendai virus genome cDNA can be 
constructed according to the method described in the references (Yu, 
D. et al. f Genes Cells 2, 457-466, 1997; Hasan, M. K. et al. f J. Gen. 
Virol. 78, 2813-2820, 1997) . For example, an 18-bp spacer sequence 

10 comprising a NotI restriction site ( 5 1 - (G) -CGGCCGCAGATCTTCACG-3 1 ) 
(SEQ ID NO: 10) is inserted into a cloned Sendai virus genome cDNA 
(pSeV( + )) between the leader sequence and the ORF of N protein, and 
thus a plasmid pSeV18 + b( + ) containing a self-cleaving ribozyme site 
derived from the antigenomic strand of delta-hepatitis virus is 

15 obtained (Hasan, M. K. et al., J. General Virology 78, 2813-2820, 
1997) . 

In addition, for example, in the case of M gene deletion, or 
introduction of a temperature-sensitive mutation, the cDNA encoding 
genomic RNA is digested by a restriction enzyme, and the M 

20 gene-comprising fragments are collected and cloned into an 
appropriate plasmid. M gene mutagenesis or construction of an M 
gene-deficient site is carried out using such a plasmid. The 
introduction of a mutation can be carried out, for example, using 
a QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, 

25 CA) according to the method described in the kit directions. For 
example, M gene deficiency or deletion can be carried out using a 
combined PCR-ligation method, whereby deletion of all or part of the 
M gene ORF, and ligation with an appropriate spacer sequence, can 
be achieved. After obtaining an M gene-mutated or -deficient sequence, 

30 fragments comprising the sequence are recovered, and the M gene region 
in the original full-length cDNA is substituted by this sequence. 
Thus, a viral genome cDNA comprising a mutated M gene, can be prepared. 
Using similar methods, mutation can be introduced into, for example, 
F and/or HN genes. 

35 The vectors of this invention can be reconstituted by 

intracellularly transcribing DNAs encoding the genomic RNAs in the 
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presence of the viral protein. The present invention provides DNAs 
encoding the viral genomic RNAs of the vectors of this invention, 
which are used to produce the vectors of this invention. Furthermore, 
the present invention relates to the use of DNAs encoding the genomic 
5 RNAs of the vectors for producing the vectors of this invention. Viral 
reconstitution. f rom (-) strand virus' genomic cDNAs can be carried 
out using known methods (WO 97/16539; WO 97/16538; Durbin, A. P. et 
al., Virology 235, 323-332, 1997; Whelan, S. P. et al., Proc. Natl. 
Acad. Sci. USA 92, 8388-8392, 1995; Schnell. M. J. et al., EMBO J. 

10 13, 4195-4203, 1994; Radecke, F. etal. r EMBO J. 14, 5773-5784, 1995; 
Lawson, N. D. et al., Proc. Natl. Acad. Sci. USA 92, 4477-4481, 1995; 
Garcin, D. et al., EMBO J. 14, 6087-6094, 1995; Kato, A. et al., Genes 
Cells 1, 569-579, 1996; Baron, M. D. and Barrett, T. , J. Virol. 71, 
1265-1271, 1997; Bridgen, A. and Elliott, R. M . , Proc. Natl. Acad. 

15 Sci. USA 93, 15400-15404, 1996). Using these methods, (-)strandRNA 
viruses, or RNP as viral components, can be reconstituted from their 
DNA, including viruses such as parainfluenza virus, vesicular 
stomatitis virus, rabies virus, measles virus, rinderpest virus, 
Sendai virus, etc. The vectors of the present invention can be 

20 reconstituted according to these methods. 

Specifically, the vectors of the present invention can be 
produced by the steps of: (a) transcribing the cDNA, which encodes 
the paramyxoviral genomic RNA (negative strand RNA) or its 
complementary strand (positive strand) , in cells expressing N, P, 

25 and L proteins; and (b) collecting a complex, which comprises the 
genomic RNA, from the cells or their culture supernatant. The 
transcribed genomic RNA is replicated in the presence of N, L, and 
P proteins to form the RNP complex. When step (a) is performed in 
the presence of a protease that cleaves the modified F protein encoded 

30 by the genome, the resulting RNP is transferred to cells that are 
in contact with the cells, infection spreads, and the vector is 
amplified. According to this method, the vectors of this invention 
can be produced in RNP form in spite of the absence of a functional 
M protein. 

35 Enzymes needed for the initial transcription of the genomic RNA 

from DNA, such as T7 RNA polymerase, can be provided by transfecting 
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plasmids or viral vectors that express the enzymes. Alternatively, 
the enzymes can be provided by incorporating their genes into the 
chromosome of cells to allow expression to be induced during virus 
reconstitution. Furthermore, viral proteins necessary for genomic 
5 RNA and vector reconstitution are provided, for example, by 
introducing plasmids that express these proteins. To provide these 
viral proteins, helper viruses such as wild-type paramyxovirus or 
certain kinds of mutant paramyxovirus may be used. However, since 
this causes contamination by these viruses, the use of helper viruses 

10 is not preferred. 

Methods for transferring DNAs which express genomic RNAs into 
cells include, for example, the following: 1) the method for preparing 
DNA precipitates that can be taken up by objective cells; 2) the method 
for preparing a positively charged DNA-comprising a complex which 

15 has low cytotoxicity and can be taken up by target cells; and 3) the 
method for using electric pulses to instantaneously open holes in 
target cell membranes so that DNA molecules can pass through. 

In the above method 2) , a variety of transfection reagents can 
be utilized, examples including DOTMA (Roche) , Superfect (QIAGEN 

20 #301305), DOTAP, DOPE, DOSPER (Roche #1811169), etc. An example of 
method 1) is a transfection method using calcium phosphate, in which 
DNA that enters cells is incorporated into phagosomes, but is also 
incorporated into the nuclei at sufficient amounts (Graham, F. L. 
and Van DerEb, J., Virology 52, 456, 1973; Wigler, M. and Silverstein, 

25 S., Cell 11, 223, 1977). Chen and Okayama have investigated the 
optimization of this transfer technique, reporting that optimal 
precipitates can be obtained under conditions wherein 1) cells are 
incubated with co-precipitates in an atmosphere of 2% to 4% C0 2 at 
35°C for 15 to 24 hours; 2) circular DNA having a higher activity 

30 than linear DNA is used; and 3) DNA concentration in the precipitate 
mixture is 20 to 30 jag/ml (Chen, C. and Okayama, H., Mol . Cell. Biol. 
7, 2745, 1987) . Method 2) is suitable for transient transfection. 
In an older known method, a DEAE-dextran (Sigma #D-9885, M.W. 5x 10 5 ) 
mixture is prepared in a desired DNA concentration ratio, and 

35 transfection is performed. Since many complexes are decomposed 
inside endosomes, chloroquine may be added to enhance results (Calos, 
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M. P., Proc. Natl. Acad. Sci . USA 80, 3015, 1983). Method 3) is 
referred to as electroporation, and is more versatile than methods 
1) and 2) because it doesn't involve cell selectivity. Method 3) is 
said to be efficient when conditions are optimal for pulse electric 
5 current duration, pulse shape, electric field potency (the gap between 
electrodes, voltage), buffer conductivity, DNA concentration, and 
cell density. 

Of the above three categories, method 2) is easily operable, 
and facilitates examination of many test samples using a large numbers 

10 of cells. Transfection reagents are therefore suitable for cases 
where DNA is introduced into cells for vector reconstitution . 
Preferably, Superfect Transfection Reagent (QIAGEN, Cat. No. 301305) 
or DOSPER Liposomal Transfection Reagent (Roche, Cat. No. 1811169) 
is used, but the transfection reagents are not limited thereto. 

15 Specifically, the reconstitution of viral vectors from cDNA can 

be performed, for example, as follows: 

Simian kidney-derived LLC-MK2 cells are cultured to 
approximately 100% confluency in 24-well to 6-well plastic culture 
plates, or 100 mm diameter culture dishes and such, using a minimum 

20 essential medium (MEM) containing 10% fetal calf serum (FCS) and 
antibiotics (100 units/ml penicillin G and 100 jig/ml streptomycin) . 
These cells are then infected, for example, at 2 PFU/cell with 
recombinant vaccinia virus vTF7-3 expressing T7 polymerase. This 
virus has been inactivated by UV irradiation treatment for 20 minutes 

25 in the presence of 1 jug/ml psoralen (Fuerst, T. R. et al. , Proc. Natl. 
Acad. Sci. USA 83, 8122-8126, 1986; Kato, A. et al., Genes Cells 1, 
569-579, 1996) . The amount of psoralen added and the UV irradiation 
time can be appropriately adjusted. One hour after infection, the 
lipofection method or the like is used to transfect cells with 2 jug 

30 to 60 |ig, more preferably 3 |xg to 20 \xq r of the above-described DNA, 
which encodes the genomic RNA of the recombinant Sendai virus. Such 
methods use Superfect (QIAGEN) , and plasmids which express the 
trans-acting viral proteins required for the production of viral RNP 
(0.5 \iq to 24 |ig of pGEM-N, 0.25 |ig to 12 \iq of pGEM-P and 0.5 jig to 

35 24 \iq of pGEM-L) (Kato, A. et al., Genes Cells 1, 569-579, 1996). 
The ratio of expression vectors encoding N, P, and L is preferably 
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2:1:2. The amount of plasmid is appropriately adjusted, for example, 
to 1 fig to 4 \xg of pGEM-N, 0.5 fig to 2 fig of pGEM-P, and 1 jig to 4 
fig of pGEM-L. 

The transfected cells are cultured in a serum-free MEM 
5 containing 100 )ug/ml each of rifampicin (Sigma) and cytosine 
arabinoside (AraC) if desired, more preferably containing only 40 
jig/ml of cytosine arabinoside (AraC) (Sigma) . Reagent concentrations 
are optimized for minimum vaccinia virus-caused cytotoxicity, and 
maximum recovery rate of the virus (Kato, A. et al., Genes Cells 1, 

10 569-579, 1996) . After transf ection, cells are cultured for about 48 
hours to about 72 hours, recovered, and then disrupted by three 
repeated freezing and thawing cycles. LLC-MK2 cells are 
re-transf ected with the disrupted cells and then cultured. RNP may 
be introduced to cells as a complex formed together with, for example, 

15 lipof ectamine and a polycationic liposome. Specifically, a variety 
of transfection reagents can be utilized. Examples of these are DOTMA 
(Roche), Superfect (QIAGEN #301305), DOTAP, DOPE, DOSPER (Roche 
#1811169), etc. Chloroquine may be added to prevent RNP decomposition 
in endosomes (Calos, M. P. , Proc. Natl . Acad. Sci . USA 80, 3015, 1983) . 

20 In cells transfected with RNP, the steps of expressing viral genes 
from RNP and replicating RNP proceed to amplify the vector. By 
diluting the obtained cell lysate and repeating amplification, 
vaccinia virus vTF7-3 can be completely removed. Reamplif ication may 
be repeated, for example, 3 times or more. The obtained RNP can be 

25 stored at -80°C. 

Host cells used for reconstitution are not restricted so long 
as the viral vector can be reconstituted. For example, in the 
reconstitution of the Sendai virus vector and such, monkey 
kidney-derived LLC-MK2 cells and CV-1 cells, cultured cells such as 

30 hamster kidney-derived BHK cells, human-derived cells, and such, can 
be used. By expressing a suitable envelope protein in these cells, 
infective virions comprising this protein in the envelope can be 
obtained . 

When the M gene in the viral genome is defective or deleted, 
35 viral particles are not formed from cells infected with such virus. 
Therefore, even though the vectors of this invention can be prepared 
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as RNP or cells comprising RNP by the methods as described above, 
the vectors cannot be prepared as viral particles . Furthermore, after 
the transfection of RNPs, RNPs that proliferated in the cell are 
transmitted only to contacting cells. Therefore, infection spreads 
5 slowly which makes the production of large amounts of viral vector 
in high titers difficult. The present invention provides a method 
for producing the vectors of this invention as viral particles . Viral 
particles are more stable in solution as compared to RNPs . In addition, 
by letting the viral particles have infectivity, the vectors can be 

10 introduced to target cells through simple contact without a 
transfection reagent and such. Therefore, the viral particles are 
particularly useful in industrial application. As a method for 
producing the vectors of this invention as viral particles, the virus 
is reconstituted under permissive conditions using a viral genome 

15 comprising an M gene having a conditional mutation. Specifically, 
the M protein functions to form particles by culturing cells 
transfected with a complex obtained through the above-described step 
(a) or steps (a) and (b) under permissive conditions. A method for 
producing viral particles that comprise genomic RNA encoding the 

20 mutant M protein having conditional mutation comprises the steps of: 
(i) amplifying the RNP, which comprises N, P, and L proteins of 
paramyxovirus and the genomic RNA, intracellularly under conditions 
permissive for the mutant M protein; and (ii) collecting viral 
particles released into the cell culture supernatant. For example, 

25 a temperature-sensitive mutant M protein may be cultured at its 
permissive temperature . 

Another method for producing the vectors of the present 
invention as viral particles uses helper cells that express the M 
protein. By using M helper cells, the present inventors produced a 

30 vector wherein the cleavage site of the F protein is modified to a 
sequence that is cleaved by another protease and the M gene is mutated 
or deleted as viral particles. Since the method of this invention 
does not require a helper virus, such as the wild-type paramyxovirus, 
contamination by an M gene-comprising virus having particle forming 

35 ability does not occur. Thus, the vectors of this invention can be 
prepared in a pure form. The present invention provides viral 
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particles which comprises (i) a genomic RNA of paramyxovirus wherein 

(a) a nucleic acid encoding the M protein is mutated or deleted, and 

(b) a modified F protein whose cleavage site sequence is substituted 
with a sequence that is cleaved by a protease that does not cleave 

5 the wild-type F protein is encoded, further wherein the viral particle : 
(1) has the ability to replicate the genomic RNA in a cell transfected 
with the viral particle; (2) shows significantly decreased or 
eliminated production of a viral particle in the intrahost 
environment; and (3) has the ability to introduce the genomic RNA 

10 in a cell that contacts with the cell transfected with the viral 
particle comprising the genomic RNA in the presence of the protease. 
According to a preferred embodiment, such viral particle will not 
produce viral particles. 

A method for producing the viral particles of this invention 

15 in cells expressing a functional M protein may comprise the steps 
of: (i) amplifying the RNP, comprising N, P, and L proteins of the 
paramyxovirus, and the genomic RNA in cells expressing wild-type M 
protein of paramyxovirus or equivalent proteins thereto; and 
(ii) collecting the viral particles released into the cell culture 

20 supernatant. So long as the wild-type M protein has activity to form 
viral particles, it may be derived from a paramyxovirus from which 
the genomic RNA is not derived. Furthermore, a tag peptide and such 
may be added to the protein, or alternatively, when it is expressed 
through an appropriate expression vector, a linker peptide derived 

25 from the vector may be added to the protein. As described above, the 
protein to be used does not have to be the wild-type M protein itself 
but may be a protein having viral particle-forming ability equivalent 
to the wild-type protein. A viral particle produced from M 
protein-expressing cells comprises the M protein expressed in these 

30 cells in its envelope; however, it does not comprise the gene encoding 
this protein. Therefore, the wild-type M protein is no longer 
expressed in cells infected with this virus. Thus, viral particles 
cannot be formed. 

Production of helper cells expressing the M protein can be 

35 performed as described below. To prepare a vector that expresses the 
M protein in an inducible fashion, for example, inducible promoters 
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or expression regulating systems using recombination (such as 
Cre/loxP) are used. A Cre/loxP inducible expression plasmid can be 
constructed using, for example, a plasmid pCALNdlw, which has been 
designed to inducibly express gene products using Cre DNA recombinase 
5 (Arai, T. et al., J. Virology 72, 1115-1121, 1998) . As cells capable 
of expressing M proteins, helper cell lines capable of persistently 
expressing M proteins are preferably established by inducing M genes 
introduced into their chromosomes. For example, the monkey 
kidney-derived cell line LLC-MK2 or the like can be used for such 

10 cells. LLC-MK2 cells are cultured at.37°C in MEM containing 10% 
heat-treated immobilized fetal bovine serum (FBS) , 50 units/ml sodium 
penicillin G, and 50 jig/ml streptomycin, under an atmosphere of 5% 
CO2. The above-mentioned plasmid, which has been designed to 
inducibly express the M gene products with Cre DNA recombinase, is 

15 introduced into LLC-MK2 cells using the calcium-phosphate method 
(mammalian transfection kit (Stratagene) ) according to a known 
protocol . 

For example, 10 jig of M-expression plasmid may be introduced 
into LLC-MK2 cells grown to be 40% confluent in a 10- cm plate. These 

20 cells are then incubated in an incubator at 37 °C, in 10 ml of MEM 
containing 10% FBS and under 5% CO2. After 24 hours of incubation, 
the cells are harvested and suspended in 10 ml of medium. The 
suspension is then plated onto five dishes of 10 -cm diameter: 5 ml 
of the suspension are added to one dish, 2 ml to two dishes, and 0.2 

25 ml to two dishes. The cells in each dish are cultured with 10 ml of 
MEM containing 10% FBS and 1200 ^ig/ml G418 (GIBCO-BRL) for 14 days; 
the medium is changed every two days. Thus, cell lines in which the 
gene has been stably introduced are selected. The G418-resistant 
cells grown in the medium are harvested using cloning rings. Cells 

30 of each clone harvested are further cultured to confluence in a 10-cm 
plate. 

High level expression of the M protein in helper cells is 
important in recovering a high titer virus. For this purpose, for 
example, the above selection of M-expressing cells is preferably 
35 carried out twice or more. For example, an M-expressing plasmid 
comprising a drug-resistance marker gene is transfected, and cells 
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comprising the M gene are selected using the drug. Following this, 
an M-expressing plasmid comprising a marker gene resistant to a 
different drug is transfected into the same cells, and cells are 
selected using this second drug-resistance marker. Cells selected 
5 using the second marker are likely to express M protein at a higher 
level than cells selected after the first transf ection . Thus, 
M-helper cells constructed through twice-repeated transf ections can 
be suitably applied. Since the M-helper cells can simultaneously 
express the F gene, production of infective viral particles deficient 
10 in both F and M genes is possible (WO 03/025570)-. In this case, 
transfection of the F-gene-expressing plasmids more than twice is 
also suggested to raise the level of F protein expression induction. 
The genes of modified F proteins as described herein can be used as 
F genes. 

15 An M protein induction expression may be achieved by incubating 

cells to confluence in a 6-cm dish, and then, for example, infecting 
these cells with adenovirus AxCANCre at MOI= ~3, according to the 
method of Saito et al. (Saito et al. , Nucleic Acids Res . 23, 3816-3821, 
1995; Arai, T. et al., J. Virol. 72, 1115-1121, 1998). 

20 To produce the virus particles of the present invention using 

cells that express wild-type M protein or an equivalent protein (M 
helper cells) , the above-described RNP of the present invention may 
be introduced into these cells and then cultured. RNP can be 
introduced into M helper cells, for example, by the transfection of 

25 RNP-containing cell lysate into M helper cells, or by cell fusion 
induced by the co-cultivation of RNP-producing cells and M helper 
cells. It can also be achieved by transcribing genomic RNA into M 
helper cells and conducting de novo RNP synthesis under the presence 
of N, P, and L proteins. 

30 Above-described step (i) (the step of amplifying RNP using an 

M helper cell) is preferably carried out at a low temperature in the 
present invention. In the production of a vector using a 
temperature-sensitive mutant M protein, the process of producing 
viral particles is necessarily carried out at temperatures below the 

35 permissive temperature. However, surprisingly, the present 
inventors found that in the present method, efficient particle 



58 



production was possible when the process of viral particle formation 
was carried out at low temperatures, even when using the wild-type 
M protein. In the context of the present invention, the term "low 
temperature" means 35°C or less, preferably 34°C or less, more 
5 preferably 33°C or less, and most preferably 32°C of less. 

According to the present invention, viral particles can be 
released into the external fluid of virus-producing cells, for example, 
at a titer of lx 10 5 ClU/ml or more, preferably lx 10 6 ClU/ml or more, 
more preferably 5x 10 6 ClU/ml or more, more preferably lx 10 7 ClU/ml 

10 or more, more preferably 5x 10 7 ClU/ml or more, more preferably lx 
10 8 ClU/ml or more, and more preferably 5x 10 8 ClU/ml or more. The 
virus titer can be measured by the methods described in the 
specification and other literature (Kiyotani, K. et al., Virology 
177(1), 65-74, 1990; WO 00/70070). 

15 One preferred embodiment of a method for reconstituting a 

recombinant viral vector from the M-deficient viral genome cDNA is 
as follows: Namely, the method comprises the steps of (a) transcribing 
a DNA encoding the (negative-stranded or positive-stranded) genomic 
RNA in cells expressing the viral proteins necessary for the formation 

20 of infective viral particles (i.e. , NP, NP, P, L, M, F, and HN proteins ) ; 
(b) co-culturing these cells with cells expressing chromosomally 
integrated M gene (i.e., M helper cells ) ; (c) preparing a cell extract 
from this culture; (d) transfecting the cells expressing the 
chromosomally integrated M gene (i.e., M helper cells) with the extract 

25 and culturing these cells; and (e) recovering viral particles from 
the culture supernatant. Step (d) is preferably carried out under 
the low temperature conditions described above. The obtained viral 
particles can be amplified by re-infection of helper cells (preferably 
at low temperatures) . Specifically, the virus can be reconstituted 

30 according to the description in the Examples. The recovered viral 
particles can be diluted and then infected again to M helper cells 
to be amplified. This amplification step can be performed repeatedly 
two or three times or more. The obtained virus stock can be stored 
at -80°C. The virus titer can be determined by measuring the 

35 hemagglutination activity (HA) . HA can be determined by the 
"end-point dilution method" . 
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Specifically, first, LLC-MK2 cells are plated onto a 100-mm dish 
at a density of 5x 10 6 cells/dish. When inducing the transcription 
of genomic RNA using T7 RNA polymerase, cells may be cultured for 
24 hours and then infected at room temperature for one hour with T7 
5 polymerase-expressing recombinant vaccinia virus (PLWUV-VacT7) at 
MOI= approximately 2, which has been treated with psoralen and 
long-wavelength ultraviolet light (365 nm) for 20 minutes (Fuerst, 
T.R. et al., Proc. Natl. Acad. Sci. USA 83, 8122-8126, 1986) . After 
the cells are washed with serum-free MEM, plasmids expressing the 

10 genomic RNA and plasmids expressing the N, P, L, F, and HN proteins 
of paramyxoviruses, respectively, are used to transfect cells using 
appropriate lipofection reagents. The ratio of plasmids can be, for 
example, 6:2:1:2:2:2, but it is not limited thereto. After culturing 
for five hours, the cells are washed twice with serum-free MEM, and 

15 then cultured in MEM containing 40 jig/ml 

cytosine-p-D-arabinofuranoside (AraC, Sigma, St. Louis, MO) and 7 . 5 
jig /ml trypsin (GIBCO-BRL, Rockville, MD) . After culturing for 24 
hours, the cells are overlaid with cells that continuously express 
M protein (M helper cells) , at a density of about 8 . 5x 10 6 cells/dish, 

20 and then cultured for a further two days at 37°C in MEM containing 

40 jag/ml AraC and 7.5 |ig/ml trypsin (P0) . The cultured cells are 
collected and the precipitate is suspended in 2 ml/dish OptiMEM . After 
repeating the cycle of freezing and thawing for three times, the lysate 
is directly transf ected to the M helper cells and the cells are cultured 

25 at 32 °C in serum-free MEM containing 40 |xg/mL AraC and proteases that 
cleaves the F protein (PI) . A portion of the culture supernatant is 
collected three to 14 days later, infected into freshly prepared M 
helper cells, and then cultured at 32 °C in serum-free MEM containing 

40 jig/mL AraC and the protease (P2) . Three to 14 days later, freshly 
30 prepared M helper cells are reinfected, and cultured in the presence 
(for preparing F-cleaved virus) or absence (for preparing F-uncleaved 
viral particle) of the protease for three to seven days at 32°C using 
serum-free MEM (P3) . By repeating the reamplif ication three times 
or more, the initially used vaccinia virus can be completely eliminated. 
35 BSA is added to the collected culture supernatant at a final 
concentration of 1%, and this is stored at -80°C. 
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The viral particle of this invention may be an infectious 
particle whose modified F protein is cleaved, or may be a potentially 
infectious viral particle having no infectivity in its initial form 
but becoming infective upon treatment with a protease that cleaves 
5 the modified F protein. The modified F protein encoded by the genome 
exists on the envelope of the viral particle; however, it lacks 
infectivity when left uncleaved. This kind of virus acquires 
infectivity though the treatment with a protease that cleaves the 
cleavage sequence of this modified F protein, or through contact with 

10 cells or tissues in the presence of the protease to cleave the F protein. 
In order to obtain viral particles whose modified F protein is not 
cleaved through the above virus production using virus producing cells, 
the final step of virus amplification step may be performed in the 
absence of proteases that cleave the modified F protein. On the other 

15 hand, preparation of the virus in the presence of the protease allows 
production of infective viral particles with cleaved F protein. 

Furthermore, by expressing, in the cell, an envelope protein 
that is not encoded in the viral genome during viral particle 
production, a viral particle comprising this protein in its envelope 

20 can be produced. An example of such an envelope protein is the 
wild-type F protein. The viral particle produced in this manner 
encodes the modified F protein on its genomic RNA and carries the 
wild-type F protein in addition to this modified protein on its 
envelope. By providing the wild-type F protein in trans at the step 

25 of viral particle production and amplifying in the presence of trypsin 
that cleaves the protein, the viral particles become infective through 
the cleavage of the wild-type F protein on the viral particles. 
According to this method, even if a protease that cleaves the modified 
F protein is not used, infective viral particles can be prepared at 

30 high titers. Therefore, the viral particles of this invention may 
be viral particles comprising the wild-type F protein of a 
paramyxovirus. The wild-type F protein does not necessarily have to 
be derived from the same type of paramyxovirus as the viral genome, 
and may be an envelope protein from another paramyxovirus. 

35 Moreover, viral particles comprising any desired viral envelope 

protein other than the wild-type F protein in the envelope can be 
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produced. Specifically, during reconstitution of the virus, the 
desired envelope protein may be expressed in cells to produce viral 
vectors comprising this envelope protein. There are no particular 
limitations to these proteins. A preferred example includes the G 
5 protein (VSV-G) of vesicular stomatitis virus (VSV) . The viral 
particles of the present invention comprise pseudotype viral vectors 
which comprise envelope proteins, such as the VSV-G protein, derived 
from viruses other than the virus from which the genomic RNA has been 
derived. As in the case with the wild-type F protein, this protein 

10 will not be expressed from the viral vector after infection of the 
viral particle into cells, since this envelope protein is not encoded 
on the genomic RNA of the virus. 

The viral particles of this invention may comprise chimeric 
proteins, for example, which comprise on the extracellular region, 

15 one or more proteins that can adhere to specific cells on the surface 
of the envelope, such as adhesion factors, ligands, receptors, and 
antibodies or fragments thereof, and polypeptides derived from the 
viral envelope in the intracellular region. This enables the 
production of vectors that infect specific tissues as targets . These 

20 can be provided in trans by intracellular expression during 
reconstitution of the viral vectors. Specific examples include 
fragments comprising the receptor binding domain of soluble factors 
such as cytokines, or antibody fragments against cell surface proteins 
(WO 01/20989) . 

25 When preparing a vector having deficient viral genes, for 

example, two or more vector types, each of which has a different 
deficient viral gene in its viral genome, may be introduced into the 
same cells. Each deficient viral protein is then expressed and 
supplied by the other vector. This mutual complementation results 

30 in the formation of infective viral particles, and the viral vector 
can be amplified in the replication cycle. Namely, when two or more 
types of vector of the present invention are inoculated in combination 
to complement viral proteins, mixed viral gene-deficient viral 
vectors can be produced on a large scale and at a low cost. As these 

35 viruses lack viral genes, their genome is smaller than that of an 
intact virus, and they can thus comprise larger foreign genes. In 
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addition, co-inf ectivity is difficult to maintain in these viruses, 
which are non-propagative due to viral gene deficiency and diluted 
outside of cells . Such vectors are thus sterile, which is advantageous 
from the viewpoint of controlling environmental release. 
5 Large amounts of a viral vector may be obtained by infecting 

the viral vector obtained by the above-described method into 
embryonated chicken eggs to amplify the vector. For example, M 
gene-transgenic chickens can be generated and the vectors may be 
inoculated to the chicken eggs for amplification. The basic method 

10 for producing viral vectors using chicken eggs has already been 
developed ("Shinkei-kagaku Kenkyu-no Saisentan Protocol III, Bunshi 
Shinkei Saibou Seirigaku (Leading edge techniques protocol III in 
neuroscience research, Molecular, Cellular Neurophysiology) ", edited 
by Nakanishi, et al., KOSEISHA, Osaka, pp. 153-172, 1993). 

15 Specifically, for example, fertilized eggs are moved to an incubator 
and the embryo is grown under culture for nine to twelve days at 37 °C 
to 38°C. The viral vector is then inoculated into the allantoic 
membrane cavity, the egg is incubated for a few days to proliferate 
the viral vector. The allantoic fluid containing the virus is then 

20 collected. Conditions such as culture duration change according to 
the recombinant virus amplified. Separation and purification of the 
viral vector from the allantoic fluid is done according to conventional 
methods ("Protocols of Virology' 7 by Masato Tashiro, edited by Nagai 
and Ishihama, Medical View, pp. 68-73, 1995). 

25 The recovered virus vectors can be purified to substantial 

purity. Purification can be performed by known purification and 
separation methods including filtration, centrif ugation, column 
chromatographic purification, and such, or combinations thereof . The 
phrase "substantial purity" used herein means that the virus vectors, 

30 as components, are the main proportion of the sample in which they 
exist. Typically, substantially pure viral vectors can be detected 
by confirming that the ratio of virus-derived protein to total protein 
in the sample (except protein added as a carrier or stabilizer) is 
10% or more, preferably 20% or more, more preferably 50% or more, 

35 more preferably 70% or more, more preferably 80% or more, and even 
more preferably 90% or more. Specifically, paramyxoviruses can be 
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purified, for example, by a method in which cellulose sulfate ester 
or crosslinked polysaccharide sulfate ester is used (JP-B No. Sho 
62-30752; JP-B Sho 62-33879; JP-B Sho 62-30753), a method in which 
adsorption to fucose sulf ate-containing polysaccharide and/or a 
5 decomposition product thereof is used (WO 97/32010), etc. 

The M gene-deficient vector whose F cleavage site is modified 
transmits the vector intracellularly , in the presence of a specific 
protease, by cell fusogenic infection alone. Therefore, the vector 
of this invention is useful in gene therapy targeting tissues 

10 expressing a certain protease. Normal vectors enable gene transfer 
into the surface layer of the target tissue; however, they are 
incapable of penetrating to the interior of the tissue. On the other 
hand, the vectors of this invention have the ability infiltrate deeply 
into target tissues having enhanced protease activity. For example, 

15 the vectors of this invention can be transmitted to the interior of 
cancer cells deeply infiltrated into normal tissues by infecting to 
a portion of vector-inf ectable cancer cells at the surface layer. 

The vectors of the present invention can be applied to cancer, 
arteriosclerosis, articular diseases such as rheumatoid arthritis 

20 (RA) , and the like. For example, in articular diseases such as RA, 
destruction of the higher order structure of the cartilage by 
extracellular matrix degradation proceeds as described above, and 
the j oint is destroyed . By removing cells whose ECM degradation enzyme 
activity is enhanced through the vector of this invention, articular 

25 destruction is expected to be diminished. Furthermore, in 
arteriosclerosis, accumulation of macrophage-derived foam cells 
proceeds. The foam cells secrete a large amount of metalloproteinase 
and, as a result, destroy the fibrous hyperplasia to cause plaque 
breakdown. By killing the macrophages that express MMP using the 

30 vectors of this invention, treatment of such arteriosclerosis is 
achieved. Moreover, as described below, various proteases are 
activated in cancer. The vectors of this invention are useful as 
therapeutic vectors that infect and infiltrate in a cancer-specific 
manner. 

35 To produce a composition comprising a vector of the present 

invention, the vector can be combined, as necessary, with a desired 
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pharmaceutically acceptable carrier or solvent. A "pharmaceutically 
acceptable carrier or solvent" refers to a material that can be 
administered along with the vector and that does not significantly 
inhibit gene transfer of that vector. For example, vectors can be 
5 formulated into compositions by appropriately diluting with 
physiological saline, phosphate-buff ered physiological saline (PBS) , 
or such. When the vectors are propagated in chicken eggs or such, 
the composition may contain allantoic fluid. Furthermore, 
compositions comprising the vector may contain carriers or solvents 

10 such as deinonized water and 5% dextrose solution. In addition to 
these, the composition can contain vegetable oil, suspending agents, 
detergents, stabilizers, biocides, etc. Further, preservatives and 
other additives can be added to the composition. Compositions 
comprising the present vectors are useful as reagents and 

15 pharmaceuticals . 

Vector dosage depends on the type of disease, the patient's 
weight, age, sex and symptoms, the purpose of administration, the 
dosage form of the composition to be administered, the method for 
administration, type of gene to be introduced, etc. However, those 

20 skilled in the art can routinely determine the proper dosage. The 
administration dose of a vector is preferably within about 10 5 to 10 11 
ClU/ml, more preferably within about 10 7 to 10 9 ClU/ml, most preferably 
within about lx 10 8 to 5x 10 8 ClU/ml. It is preferable to administer 
the vector mixed with pharmaceutically acceptable carriers. For 

25 administration to carcinoma tissues,- vectors can be administered to 
multiple points in the target site so that they distribute uniformly. 
The preferred dose for each administration to a human individual is 
2x 10 9 to 2x 10 10 CIU. Administration can be carried out one or more 
times within the limits of clinically acceptable side effects. The 

30 frequency of daily administration can be similarly determined. When 
administering the viral vector to animals other than humans, for 
example, the dose to be administered can be determined by converting 
the above dose based on the weight ratio, or the volume ratio of the 
administration target sites (for example, an average value) between 

35 the target animals and humans. Compositions comprising the vectors 
of the present invention can be administered to all mammalian species 
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including humans, monkeys, mice, rats, rabbits, sheep, cattle, dogs, 
etc . 

The vectors of this invention are particularly useful in 
treating cancer. Cells infected with the vectors of this invention 
5 form syncytia by cell fusion under the presence of a protease. 
Utilizing this characteristic, the vectors of this invention can be 
used for treating cancers with enhanced activity of a specific protease 
The present invention provides therapeutic compositions for cancers 
which comprise pharmaceutically acceptable carriers and the vectors 

10 of this invention encoding an F protein that is cleaved by a protease 
showing enhanced activity in cancers. Furthermore, the present 
invention relates to the use of the vectors in producing therapeutic 
compositions for cancer. The present invention further provides 
methods for treating cancer which comprise the step of administering 

15 such vectors to cancer tissues . Since the activity of ECM degradation 
enzyme is enhanced in infiltrating and metastatic malignant cancers, 
a vector comprising the gene of an F protein that is cleaved by ECM 
degradation enzyme can be used for specific infection to malignant 
cancers to cause death of the cancer tissues. 

20 A vector of the present invention can further comprise foreign 

genes . The foreign gene may be a marker gene for monitoring infection 
by the vector or a therapeutic gene for cancer. Examples of 
therapeutic genes include cell-inducible genes for apoptosis and 
such; genes encoding cytotoxic proteins; cytokines; and hormones. 

25 The administration of the vectors of this invention to cancers can 
be direct (in vivo) administration to cancers or indirect (ex vivo) 
administration, wherein the vector is introduced into patient-derived 
cells or other cells, and the cells are then injected to cancers. 
The targeted cancer may be any cancer in which the activity of 

30 a specific protease is enhanced. Examples include most invasive and 
metastatic malignant tumors (lung cancer, gastric cancer, colon 
cancer, esophageal cancer, breast cancer, and such) . However, 
proteases " such as MMP, uPA, and tPA are expressed at low levels in 
some malignant cancers . Therefore, whether the cancer can be targeted 

35 is judged according to presence or absence of enhanced protease 
activity. The vectors of this invention are particularly useful for 
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application to a cancer that has infiltrated to the submucosal layer 
in esophageal cancer, colon cancer progressed in the intrinsic 
sphincter to stage III and IV cancer, and invasive melanoma deeply 
infiltrated so that it cannot be completely removed by surgery. 

5 

Brief . Description of the Drawings 

Fig. 1 is a schematic representation of the construction of an 

F-deficient SeV genome cDNAin which a temperature-sensitive mutation 

has been introduced into the M gene. 
10 Fig. 2 depicts the structures of viral genes constructed to 

suppress secondary particle release based on temperature-sensitive 

mutations introduced into the M gene, and viral genes constructed 

or used to test and compare the effects of these introduced mutations . 

Fig. 3 provides microscopic images representing GFP expression 
15 in cells (LLC-MK2/F7/A) persistently expressing F protein, which were 

cultured at 32 °C and 37 °C, respectively, for six days after infection 

with SeV18+/AF-GFP or SeV18+/MtsHNtsAF-GFP . 

Fig. 4 is a picture representing the result of semi-quantitative 

determination, over time and using Western blotting, of F protein 
20 expression levels in cells (LLC-MK2/F7/A) persistently expressing 

SeV-F protein, which were cultured in trypsin-f ree, serum-free MEM 

at 32°C or 37°C. 

Fig. 5 provides microscopic images representing GFP expression 

in LLC-MK2 cells which were cultured at 32 °C, 37 °C or 38 °C for three 
25 days after infection with SeV18+GFP, SeV18+/AF-GFP or 

SeV18+/MtsHNtsAF-GFP at MOI= 3. 

Fig. 6 depicts hemagglutination activity (HA activity) in the 

culture supernatant, which was sampled over time (supplemented with 

fresh medium at the same time), of LLC-MK2 cells cultured at 32°C, 
30 37°C or 38°C after infection with SeV18+GFP, SeV18+/AF-GFP or 

SeV18+/MtsHNtsAF-GFP at MOI= 3. 

Fig. 7 provides pictures representing the ratio of M protein 

level in cells to that in virus-like particles (VLPs) . This ratio 

was determined by Western blotting using an anti-M antibody. The 
35 culture supernatant and cells were recovered from a LLC-MK2 cell 

culture incubated at 37 °C for two days after infection with SeV18+GFP, 
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SeV18 + /AF-GFP or SeV18+/MtsHNtsAF-GFP at MOI= 3. Each lane contained 
the equivalent of 1/10 of the content of one well from a 6-well plate 
culture . 

Fig. 8 depicts SEAP activity in the culture supernatant of 
5 LLC-MK2 cells cultured for 12, 18, 24, 50, or 120 hours after infection 
with SeV18+SEAP/AF-GFP or SeV18+SEAP/MtsHNtsAF-GFP at MOI= 3. 

Fig. 9 depicts HA activity in the culture supernatant of LLC-MK2 
cells cultured for 24, 50, or 120 hours after infection with 
SeV18+SEAP/AF-GFP or SeV18+SEAP/MtsHNtsAF-GFP at MOI= 3. 
10 Fig. 10 is a picture representing the quantity of VLPs determined 

by Western blotting using an anti-M antibody. LLC-MK2 cells were 
cultured for five days after infection with SeV18+SEAP/AF-GFP or 
SeV18+SEAP/MtsHNtsAF-GFP at MOI= 3. The culture supernatant was 
centrifuged to recover the viruses. Each lane contained the 
15 equivalent of 1/10 of the content of one well from a 6-well plate 
culture . 

Fig. 11 depicts cytotoxicity estimates based on the quantity 
of LDH released into the cell culture medium. LLC-MK2, BEAS-2B or 
CV-1 cells were infected with SeV18+GFP, SeV18+/AF-GFP or 

20 SeV18 + /MtsHNtsAF-GFP at MOI= 0.01, 0.03, 0.1, 0.3, 1, 3, or 10. Cells 
were cultured in a serum-free or 10% FBS-containing medium, and the 
cytotoxicity assay was carried out three or six days after infection, 
respectively. The relative cytotoxicity values of cells are 
represented, considering the cytotoxicity of equal numbers of cells, 

25 100% of which are lysed by cell denaturant (Triton), as 100%. 

Fig. 12 provides pictures representing the subcellular 
localization of the M protein in LLC-MK2 cells cultured at 32°C, 37 °C 
or 38°C for two days after infection with SeV18+GFP, SeV18+/AF-GFP 
or SeV18+/MtsHNtsA-F-GFP at MOI= 1, which was observed by 

30 immunostaining using an anti-M antibody. 

Fig. 13 provides stereo three-dimensional images for the 
subcellular localization of the M and HN proteins observed under a 
confocal laser microscope. A-10 cells were infected with 

SeV18+SEAP/AF-GFP or SeV18+SEAP/MtsHNtsAF-GFP at MOI= 1, and then 
35 cultured in medium containing 10% serum at 32°C or 37°C for one day. 
These images were obtained by immunostaining using an anti-M antibody 
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and anti-HN antibody. 

Fig. 14 provides stereo three-dimensional images for the 
subcellular localization of the M and HN proteins observed under a 
confocal laser microscope. A-10 cells were infected with 
5 SeV18+SEAP/AF-GFP or SeV18+SEAP/MtsHNtsAF-GFP at MOI= 1, and then 
cultured in medium containing 10% serum at 32 °C or 37 °C for two days. 
These images were obtained by immunostaining using an anti-M antibody 
and anti-HN antibody. 

Fig. 15 provides pictures representing the effects of a 
10 microtubule depolymerization reagent on the subcellular localization 
of the M and HN proteins. A-10 cells were infected with 

SeV18+SEAP/MtsHNtsAF-GFP at MOI= 1, and a microtubule 
depolymerization reagent, colchicine or colcemid, was immediately 

added to these cells at a final concentration of 1 ^lM. The cells were 
15 cultured in medium containing 10% serum at 32 °C. After two days, the 
cells were immunostained with an anti-M antibody and anti-HN antibody 
and then observed under a confocal laser microscope. These 
photographs show stereo three-dimensional images of the subcellular 
localization of the M and HN proteins. 
20 Fig. 16 provides pictures representing the effects of a 

microtubule depolymerization reagent on the subcellular localization 
of the M and HN proteins. A-10 cells were infected with SeV18 + /AF-GFP 
or SeV18 + /MtsHNtsAF-GFP at MOI= 1, and a microtubule depolymerization 
reagent, colchicine, was immediately added to the cells at a final 

25 concentration of 1 |nM. The cells were cultured in medium containing 
10% serum at 32 °C or 37 °C. After two* days, these cells were 
immunostained with anti-M antibody and anti-HN antibody, and then 
observed under a confocal laser microscope. These photographs show 
stereo three-dimensional images for the subcellular localization of 

30 the M and HN proteins. 

Fig. 17 is a schematic representation of the construction of 
an M-deficient SeV genome cDNA comprising the EGFP gene. 

Fig. 18 is a schematic representation of the construction of 
an F- and M-deficient SeV genome cDNA. 

35 Fig. 19 depicts the structures of the constructed F- and/or 

M-deficient SeV genes. 
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Fig. 20 is a schematic representation of the construction of 
an M gene-expressing plasmid comprising the hygromycin-resistance 
gene. 

Fig. 21 provides pictures representing a semi-quantitative 
5 comparison, by Western blotting, of the expression levels of the M 
and F proteins in cloned cells inducibly expressing the cloned M 
protein (and F protein) ; following infection with a recombinant 
adenovirus (AcCANCre) that expresses Cre DNA recombinase. 

Fig. 22 provides pictures representing the viral reconstitution 

10 of an M-deficient SeV (SeV18+/AM-GFP) with helper cell (LLC-MK2/F7/M) 
clones #18 and #62. 

Fig. 23 depicts the viral productivity of SeV18+/AM-GFP (CIU 
and HAU time courses) . 

Fig. 24 provides pictures and an illustration representing the 

15 results of RT-PCR confirming gene structure in SeV18 + /AM-GFP virions . 

Fig. 25 provides pictures representing the result of a 
comparison of SeV18 + /AM-GFP with SeV18+GFP and SeV18 + /AF-GFP, where, 
after infection of LLC-MK2 cells, Western blotting was carried out 
on the viral proteins from these cells and cell cultures to confirm 
20 the viral structure of SeV18+/AM-GFP from a protein viewpoint. 

Fig. 26 . provides pictures representing a quantitative 
comparison of virus-derived proteins in the culture supernatant of 
LLC-MK2 cells infected with SeV18 + /AM-GFP and SeV18 + /AF-GFP (a series 
of dilutions were prepared and assayed using Western blotting) . 
25 Anti-SeV antibody was used. 

Fig. 27 depicts HA activity in the culture supernatant, 
collected over time, of LLC-MK2 cells infected with SeV18+/AM-GFP 
or SeV18+/AF-GFP at MOI= 3. 

Fig. 28 provides fluorescence microscopic images obtained five 
30 days after LLC-MK2 cells were infected with SeV18+/AM-GFP or 
SeV18+/AF-GFP at MOI= 3. 

Fig. 29 provides fluorescence microscopic images of LLC-MK2 
cells prepared as follows: LLC-MK2 cells were infected with 
SeV18 + /AM-GFP or SeV18 + /AF-GFP at MOI= 3, and then five days after 
35 infection the culture supernatant was recovered and transfected into 
LLC-MK2 cells using a cationic liposome (Dosper) . Microscopic 
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observation was carried out after two days. 

Fig. 30 depicts the design of the amino acid sequences at the 
F1/F2 cleavage sites (activation sites of the F protein) . The 
recognition sequences of proteases (MMP or uPA) highly expressed in 
5 cancer cells were designed based on those of the synthetic substrates . 
From the top, the sequences of SEQ ID NOs : 40 to 44 are shown. 

Fig. 31 is a schematic representation of the construction of 
an M-deficient SeV vector cDNA in which the activation site of F is 
modified . 

10 Fig. 32 provides pictures representing protease-dependent cell 

fusogenic infection by F-modified, M-deficient Sendai viral vectors. 
By using LLC-MK2 , it was confirmed that modification of F causes cell 
fusogenic infection in a protease-dependent manner. Each of the 
M-deficient SeVs (SeV/AM-GFP (A, B, C, J, K, andL), SeV/F (MMP#2 ) AM-GFP 

15 (D, E, F, M, N, and 0), and SeV/F (uPA) AM-GFP (G, H, I, P, 0, and R) ) 
was infected to cells with simultaneous addition of 0.1 jag/ml 
collagenase (Clostridium) (B, E, and H) , MMP-2 (C, F, and I), MMP-9 
(J, M, and P) , uPA (K, N, and Q) , and 7.5 ng /ml trypsin (L, Q, and 
R) . Four days later, the cells were observed under a fluorescent 

20 microscope. Only in LLC-MK2 added with trypsin, SeV/AM-GFP 
comprising unmodified F caused cell fusion of infected cells with 
surrounding cells, resulting in cell fusogenic infection to form 
multinuclear cells, syncytia (L) . In LLC-MK2 to which collagenase, 
MMP-2, and MMP-9 .were added, SeV/F (MMP#2 ) AM-GFP comprising an MMP 

25 degradation sequence introduced in F caused cell fusogenic infection 
to form syncytia (E, F, and M) . On the other hand, SeV/ (uPA) AM-GFP 
comprising urokinase-type plasminogen activator (uPA) and 
tissue-type PA (tPA) degradation sequences introduced in F was 
observed to cause cell fusogenic infection under the presence of 

30 trypsin, and by further modification, formation of syncytia was 
observed under the presence of uPA (Q and R) . 

Fig. 33 provides pictures representing protease-dependent cell 
fusogenic infection of cancer cells by F-modif ied, M-deficient Sendai 
viral vectors. Experiments were performed to test whether endogenous 

35 protease-selective cell fusogenic infection can be observed. The 
following cells were used: HT1080, an MMP-expressing cancer cell 
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strain (A, D, and G) ; MKN28 , a tPA-expressing strain (B, E, and H) ; 
and SW620, cell strain expressing neither of these proteases (C, F, 
and I) . In HT1080, the infection spread only with SeV/F (MMP#2 ) AM-GFP 
ten times or more (D) . In tPA-expressing strain MKN2 8 , cell fusogenic 
5 infection was observed to spread only with SeV/F (uPA) AM-GFP. In SW620 
expressing neither of these proteases, no spread of infection could 
be observed. 

Fig. 34 provides pictures representing MMP induction by phorbol 
ester and induction of cell fusogenic infection by an F-modified, 

10 M-deficient Sendai viral vector. The expression of MMP-2 and MMP-9 
was confirmed by gelatin zymography in which the portion where 
gelatinolytic activity exists becomes clear (A) . Lane C represents 
the control . Lane T shows the result wherein the supernatant obtained 
after induction with 20 nM PMA was used . A band corresponding to MMP-9 

15 was observed in HT1080 and Pane I, proving induction of MMP-9. 
Regarding MMP-2, latent MMP-2 having hardly any activity is detected 
in Pane I before induction. As indicated in Fig. 34B, 
SeV/F(MMP#2) AM-GFP displayed cell fusogenic infection due to MMP-9 
induction. 

20 Fig. 35 provides pictures representing cell fusogenic infection 

of an F-modified, M-deficient Sendai viral vector in vivo. HT1080 
carcinoma-bearing nude mice were prepared. Among them, animals 
having carcinoma with a diameter of more than 3 mm, seven to nine 

days after subcutaneous injection were used. A fifty |iL dose of SeV 
25 was injected once into the animals. Two days later, the carcinoma 
was observed under a fluorescent microscope. Panels A, D, G, and J 
are bright field images; B, E, H, and K are the corresponding 
fluorescent images of GFP; and C, F, I, and L are their enlarged images. 
Fluorescence was observed only in the region surrounding the site 
30 to which SeV-GFP and SeV/AM-GFP, respectively, had been injected 
(panels E and H) . In contrast, injection of SeV/F (MMP#2 ) AM-GFP was 
observed to spread the fluorescence throughout the entire cancer 
(panel K) . In the enlarged images, fluorescence in each of the cells 
can be confirmed for SeV-GFP and SeV/AM-GFP; however, the shapes of 
35 the cells were unclear for SeV/F (MMP#2 ) AM-GFP which suggests 
occurrence of cell fusion. 
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Fig. 36 depicts cell fusogenic infection of an F-modified, 
M-deficient Sendai viral vector in vivo. The percentages of GFP to 
the entire cancer in the pictures of Fig. 35 were measured from their 
areas using NIH image. As a result, SeV-GFP and SeV/AM-GFP showed 
5 10% and 20% infections, respectively; whereas SeV/F (MMP#2 ) AM-GFP 
showed 90% infection, suggesting obvious spreading of infection. 

Fig. 37 depicts the antitumor effects of F-modified, M-deficient 
SeV vectors in carcinoma-bearing nude mice. The volume of the 
carcinoma of the mice assayed in Fig. 35 was measured. Four groups 
10 of SeVs were injected into carcinomas with a diameter of 3 mm or more. 
Reinjection was performed two days later, and the size of the carcinoma 

was measured. Carcinomas to which PBS, SeV-GFP, and SeV/AM-GFP were 
injected showed rapid growth. In contrast, those injected with 

SeV/F (MMP#2 ) AM-GFP demonstrated in the assays of Fig. 36 to spread 
15 throughout the entire carcinoma clearly did not proliferate and 
remained small. Significant antitumor effects as compared to the 
other three groups was observed at P< 0.05 according to the t-test. 

Fig. 38 provides pictures representing protease 
expression-selective infection of an F-uncleaved, F-modified, 
20 M-deficient SeV vector to cancer cells . The possibility of selective 
infection by protease expression was examined in MMP-expressing 
HT1080 strain, tPA-expressing MKN28 strain, . and SW620 that hardly 
expresses proteases. Infection by SeV/F (MMP#2 ) AM-GFP was observed 
in MMP-expressing HT1080 strain, but not in tPA-expressing MKN28 

25 strain . Infection by SeV/F (uPA) AM-GFP was observed in tPA-expressing 
MKN28 strain, but in MMP-expressing HT1080 strain. 

Fig. 39 provides pictures representing the acquisition of 
infection ability via the F-uncleaved, F-modified, M-deficient SeV 
vector due to MMP-3 and MMP-7 induction by fibroblasts. Changes in 

30 the infectivity of the F-modified, M-deficient SeV vector due to MMP 
induction by fibroblasts in vitro was examined using SW4 80 and WiDr. 
Co-culturing human fibroblasts (hFB) with SW480 and WiDr caused 
infection of SeV/F (MMP#2 ) AM-GFP (B and D) . Such phenomenon was not 
observed in SW620 where induction did not take place (F) . 

35 Fig. 40 provides pictures representing MMP-selective infection 

of an F-modified, M-deficient SeV vector to human aortic smooth muscle 
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cells. Infection of SeV/AM-GFP proceeds only by the addition of 
trypsin. In contrast, the infection of SeV/F (MMP#2 ) AM-GFP proceeds 
with collagenase, MMP-2, MMP-3, and MMP-9. 

Fig. 41 provides pictures representing the cleavage of the 
5 protease-dependent F protein within the F-modif ied, M-deficient SeV 
vector. The protease-dependent cleavage of FO of Sendai virus to Fl 
was confirmed by Western blotting. An M-deficient SeV vector 
comprising unmodified F ( shown in lanes 1 , 4, 7, and 10) , an M-deficient 
SeV vector with insertion of an MMP#2 sequence into F (shown in lanes 

10 2, 5, 8, and 11), and an M-deficient SeV vector with insertion of 
a uPA sequence into F (shown in lanes 3, 6, 9, and 12) were treated 
with above-described proteases (untreated (lanes 1, 2, and 3); 0.1 
ng/mL MMP-9 (lanes 4, 5, and 6); 0.1 ng/mL uPA (lanes 7, 8, and 9) ; 
and 7.5 (ig/mL trypsin (lanes 10, 11, and 12) ) at 37°C for 30 minutes. 

15 As a result, Fl cleavage occurred depending on the inserted protease 
substrates . Namely, trypsin cleaved the F protein of the F-unmodif ied 
M-deficient SeV vector, MMP-9 cleaved that of the M-deficient SeV 
vector having the MMP#2 sequence inserted into the F protein, and 
uPA cleaved that of the M-deficient SeV vector having the uPA sequence 

20 inserted into the F protein. 

Fig. 42 depicts the production of cytoplasmic domain deletion 
mutants of F, and compares their fusogenicity through simultaneous 
expression with HN. Fig. 42A is a schematic representation of the 
construction of the cytoplasmic domain deletion mutants of Sendai 

25 viral F protein. From the top, SEQIDNOs: 76 to 79. Fig. 42B depicts 
the production of cytoplasmic domain deletion mutants of the F protein 
and the comparison of fusogenicity due to simultaneous expression 
with HN. Each of the cytoplasmic domain deletion mutants of Sendai 
viral F protein and HN were expressed simultaneously in LLC-MK2 cells 

30 added with 7.5 |ag/mL trypsin. Four days later, nuclear staining was 
performed with hematoxylin, and the number of nuclei that underwent 
syncytium formation was counted. 

Fig. 43 depicts the drastic increase of fusogenicity resulting 
from the F/HN chimeric protein. Fig. 43A shows the structure of the 

35 F/HN chimeric protein. The linker sequence is described in SEQ ID 
NO: 80 . Fig. 43B shows the increased fusogenicity of the F/HN chimeric 
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protein by the insertion of a linker. Each of the Sendai viral F/HN 
chimeric proteins and HN were expressed simultaneously in LLC-MK2 

cells added with 7.5 |ag/mL trypsin. 

Fig. 44 provides a schematic representation and pictures 
5 depicting the outline of the MMP substrate sequence insertion into 
the F cleavage site of the F/HN chimeric proteins. Fig. 44A is a 
schematic representation of the construction of F-modified F/HN 
chimeric proteins inserted with MMP substrate sequences. From the 
top, SEQ ID NOs: 81 to 89. Fig. 44B depicts the syncytium formation 
10 due to the expression of F-modified F/HN in MMP-expressing HT1080 
cells . 

Fig. 45 depicts the modification of the F peptide (fusion 
peptide) and its concentration-dependent effect on syncytium 
formation. Fig. 45A is a schematic representation of the construction 

15 of modified fusion peptides. From the top, SEQ ID NOs: 90 to 93. 
Fig. 45B depicts the fusogenicity of MMP#2, MMP#6, and MMP#6G12A 
relative to the concentration of added collagenase (Clostridium) . 

Fig. 46 depicts the genomic structure of the improved F-modified 
M-deficient Sendai viruses. 

20 Fig. 47 provides pictures representing the spreading of the 

improved F-modified, M-deficient Sendai viruses in cancer with low 
expression levels of MMP. The spread of cell fusion 2 days after 
infection of the improved F-modified M-deficient Sendai viruses are 
shown . 

25 Fig. 48 is a picture representing MMP-2 and MMP-9 expression 

in cancer cell lines. Gelatin zymography of the supernatants of the 
cancer cell lines is shown. 

Fig. 4 9 depicts the spreading of the improved F-modified 
M-deficient Sendai viruses in tumors with low expression levels of 

30 MMP. Comparison of the number of syncytia per 0.3 cm 2 two days after 
infection is indicated. "AM" denotes SeV18+/AM-GFP, "#2" denotes 
SeV18+/F(MMP#2) AM-GFP, xx #6" denotes SeV/F (MMP#6) AM-GFP, "#6ctl4" 
denotes SeV (TDK) /Fctl4 (MMP#6) AM-GFP, and "F/HN chimera" denotes 
SeV (TDK) /Fctl4 (MMP#6) /Linker /HNAM-GFP . 

35 

Best Mode for Carrying Out the Invention 
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Herein below, the present invention is specifically described 
using Examples; however , it is not to be construed as being limited 
thereto. All references cited herein are incorporated by reference 
herein as a part of this description. 

5 

1. Construction of SeV vectors with decreased or defective particle 
forming ability 

[Example 1] Construction of a temperature-sensitive mutant SeV genome 
cDNA: 

10 An SeV genome cDNA in which temperature-sensitive mutations were 

introduced in M gene was constructed. Fig. 1, which shows a scheme 
that represents the construction of the cDNA, is described as follows. 
An F-deficient full-length Sendai viral genome cDNA containing the 
EGFP gene at the F deletion site (pSeV18+/AF-GFP : Li, H.-O. et al., 

15 J. Virology 74, 6564-6569, 2000; WO 00/70070) was digested with Nael. 
The M gene-containing fragment (4 922 bp) was separated using agarose 
electrophoresis. After cutting the band of interest out, the DNA was 
recovered by QIAEXII Gel Extraction System (QIAGEN, Bothell, WA) and 
subcloned into pBluescript II (Stratagene, La Jolla, CA) at the £coRV 

20 site (pBlueNaelf rg-AFGFP construction) . Introduction of 

temperature-sensitive mutations into the M gene of pBlueNaelf rg-AFGFP 
was achieved using a QuikChange™ Site-Directed Mutagenesis Kit 
(Stratagene, La Jolla, CA) , according to the kit method. The three 
types of mutation introduced into the M gene were G69E, T116A and 

25 A183S, based on the sequence of the CI. 151 strain reported by Kondo 
et al. (Kondo, T. et al., J. Biol. Chem. 268, 21924-21930, 1993). 
The sequences of the synthetic oligonucleotides used to introduce 
the mutations were as follows: 

G69E (5 1 -gaaacaaacaaccaatctagagagcgtatctgacttgac-3 1 /SEQ ID NO: 11, 
30 5 1 -gtcaagtcagatacgctctctagattggttgtttgtttc-3 1 /SEQ ID NO: 12), 

T116A ( 5 1 -attacggtgaggagggctgttcgagcaggag-3 ' /SEQ ID NO: 13, 
5 1 -ctcctgctcgaacagccctcctcaccgtaat-3 1 /SEQ ID NO: 14) and 
A183S (5 1 -ggggcaatcaccatatccaagatcccaaagacc-3 1 /SEQ ID NO: 15, 
5 f -ggtctttgggatcttggatatggtgattgcccc-3 f /SEQ ID NO: 16). 
35 The plasmid pBlueNaelf rg-AFGFP, whose M gene contains the three 

mutations, was digested with Sail and then partially digested with 
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ApaLI. The fragment containing the entire M gene was then recovered 
(2644 bp) . pSeV18 + /AF-GFP was digested with ApaLI/Nhel, and the HN 
gene-containing fragment (6287 bp) was recovered. The two fragments 
were subcloned into Litmus38 (New England Biolabs, Beverly, MA) at 
5 the Sall/Nhel site (LitmusSall/Nhelf rg-MtsAFGFP construction) . 
Temperature-sensitive mutations were introduced into the 
LitmusSall/Nhelf rg-MtsAFGFP HN gene in the same way as for the 
introduction of mutations into the M gene, by using a QuikChange™ 
Site-Directed Mutagenesis Kit according to the kit method. The three 
10 mutations introduced into the HN gene were A262T, G264R and K461G, 
based on the sequence of ts271 strain reported by Thompson et al. 
(Thompson, S.D. et al. f Virology 160, 1-8, 1987). The sequences of 
the synthetic oligonucleotides used to introduce the mutations were 
as follows: 

15 A262T/G264R (5 1 -catgctctgtggtgacaacccggactaggggttatca-3 1 /SEQ ID 
NO: 17, 5 1 -tgataacccctagtccgggttgtcaccacagagcatg-3 1 /SEQ ID NO : 18), 
and 

K461G (5 1 -cttgtctagaccaggaaatgaagagtgcaattggtacaata-3 1 /SEQ ID NO: 
19, 5 1 -tattgtaccaattgcactcttcatttcctggtctagacaag-3 1 /SEQ ID NO: 20) . 

20 While the mutations were introduced into the M and HN genes in 

separate vectors, it is also possible to introduce all of the mutations 
into both M and HN genes by using a plasmid (LitmusSall/Nhelf rg-AFGFP) 
obtained by subcloning, at the Sall/Nhel site of Litmus38, a fragment 
containing the M and HN genes (8931 bp), provided by digesting 

25 pSeV18+/AF-GFP with Sall/Nhel . Successive introduction of mutations 
resulted in the introduction of six temperature-sensitive mutations 
in total; three mutations in the M gene, and three mutations in the 
HN gene (LitmusSall/Nhelf rg-MtsHNtsAFGFP construction) . 

LitmusSall/Nhelfrg-MtsHNtsAFGFP was digested with Sall/Nhel 

30 and an 8931 bp fragment was recovered. Another fragment (8294 bp), 
lacking the M and HN genes and such, was recovered on digestion of 
pSeV18+/AF-GFP with Sall/Nhel. Both fragments were ligated together 
to construct the F-deficient full-length Sendai virus genome cDNA 

(pSeV18+/MtsHNtsAF-GFP) comprising the six temperature-sensitive 
35 mutations in the M and HN genes, and the EGFP gene at the site of 
the F deletion (Fig. 2) . 
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Further, to quantify the expression level of genes in the plasmid, 
a cDNA containing the secretory alkaline phosphatase (SEAP) gene was 
also constructed. Specifically, NotI was used to cut out an SEAP 
fragment (1638 bp) comprising the termination signal-intervening 
5 sequence-initiation signal downstream of the SEAP gene (WO 00/70070) . 
This fragment was recovered and purified following electrophoresis. 
The fragment was then inserted into pSeV18 + /AF-GFP and 
pSeV18+/MtsHNtsAF-GFP at their respective NotI sites. The resulting 
plasmids were named pSeV18+SEAP/AF-GFP and pSeVl8+SEAP/MtsHNtsAF-GFP, 
10 respectively (Fig. 2) . 

[Example 2] Reconstitution and amplification of virus introduced with 
temperature-sensitive mutations: 

Viral reconstitution was performed according to the procedure 

15 reported by Li et al. (Li, H.-O. et al., J. Virology 74, 6564-6569, 
2000; WO 00/70070) . F protein helper cells, prepared using an 
inducible Cre/loxP expression system, were utilized to reconstitute 
F-deficient viruses. The system uses a pCALNdLw plasmid, designed 
for Cre DNA recombinase-mediated inducible gene product expression 

20 (Arai, T. et al., J. Virol. 72, 1115-1121, 1988). In this system, 
the inserted gene is expressed in a transformant carrying this plasmid 
using the method of Saito et al. to infect the transformant with a 
recombinant adenovirus (AxCANCre) expressing Cre DNA recombinase 
(Saito, I. et al., Nucleic Acids Res. 23, 3816-3821, 1995 ; Arai, 

25 T. et al., J. Virol. 72, 1115-1121, 1998) . In the case of the SeV-F 
protein, the transformed cells comprising the F gene are herein 
referred to as LLC-MK2/F7, and cells persistently expressing the F 
protein after induction by AxCANCre are herein referred to as 
LLC-MK2/F7/A. 

30 Reconstitution of the virus comprising the 

temperature-sensitive mutations was carried out as follows: LLC-MK2 
cells were plated onto a 100-mm dish at 5x 10 6 cells/dish, and then 
cultured for 24 hours . T7 polymerase-expressing recombinant vaccinia 
virus, which had been treated with psoralen and long-wavelength 

35 ultraviolet light (365 nm) for 20 minutes ( PLWUV-VacT7 : Fuerst, T.R. 
et al. , Proc. Natl. Acad. Sci. USA 83, 8122-8126, 1986) , was infected 
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(MOI= 2) to these cells at room temperature for one hour. The cells 
were washed with serum-free MEM. Plasmids, pSeV18+/MtsHNtsAF-GFP, 
pGEM/NP, pGEM/P, pGEM/L and pGEM/F-HN (Kato, A. et al., Genes Cells 
1, 569-579, 1996), were suspended in Opti-MEM (Gibco-BRL, Rockville, 
5 MD) at amounts of 12 ^ig, 4 |ig, 2 |ig, 4 (ig and 4 jag/dish, respectively. 
SuperFect transfection reagent (Qiagen, Bothell, WA) corresponding 

to 1 (ig DNA/5 fxl was added and mixed. The resulting mixture was allowed 
to stand at room temperature for 15 minutes, and then added to 3 ml 
of Opti-MEM containing 3% FBS . This mixture was added to the cells. 

10 After being cultured for five hours, the cells were washed twice with 
serum-free MEM, and cultured in MEM containing 40 |ig/ml cytosine 
p-D-arabinof uranoside (AraC: Sigma, St. Louis, MO) and 7.5 jig/ml 
trypsin (Gibco-BRL, Rockville, MD) . After 24 hours of culture, cells 
persistently expressing the F protein (LLC-MK2/F7/A: Li, H.-O. et 

15 al., J. Virology 74, 6564-6569, 2000; WO 00/70070) were overlaid at 
8.5x 10 6 cells/dish. These cells were further cultured in MEM 
containing 40 jig/mL AraC and 7.5 |ig/mL trypsin at 37 °C for two days 
(P0) . The cells were harvested and the pellet was suspended in 2 ml 
Opti-MEM per dish. Freeze-and-thaw treatment was repeated three 

20 times, and the lysate was directly transfected into LLC-MK2/F7/A. 
The cells were cultured in serum-free MEM containing 40 jig/mL AraC 
and 7.5 |ig/mL trypsin at 32°C (PI). After five to seven days, part 
of the culture supernatant was infected into freshly prepared 
LLC-MK2/F7/A, and the cells were cultured in same serum-free MEM 

25 containing 40 |Ltg/mL AraC and 7.5 jag/mL trypsin at 32 °C (P2) . After 
three to five days , freshly prepared LLC-MK2/F7/A were infected again, 
, and the cells were cultured in serum-free MEM containing only 7.5 
|ug/mL trypsin at 32 °C for three to five days (P3) . BSA was added to 
the recovered culture supernatant at a final concentration of 1%, 

30 and the mixture was stored at -80°C. The viral solution stored was 
thawed and used in subsequent experiments. 

The titers of viral solutions prepared by this method were as 
follows: SeV18+/AF-GFP, 3x 10 8 ; SeV18+/MtsHNtsAF-GFP, 7x 10 7 ; 
SeV18+SEAP/AF-GFP, 1 . 8x 10 8 ; SeV18+SEAP/MtsHNtsAF-GFP, 8 . 9x 10 7 

35 GFP-CIU/mL (GFP-CIU has been defined in WO 00/70070) . On the other 
hand, for vectors comprising GFP, CIU determined by direct detection 
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of GFP is defined as GFP-CIU. GFP-CIU values are confirmed to be 
substantially identical to corresponding CIU values (WO 00/70070) . 
In determining SeV18+/AF-GFP and SeV18+/MtsHNtsAF-GFP titers, the 
post-infection spread of plaques of cells persistently expressing 
5 F protein ( LLC-MK2 / F7 / A ) was observed at 32°C and 37°C. Fig. 3 shows 
photographs of patterns observed six days after infection . 
SeV18+/MtsHNtsAF-GFP plaques spread to some extent at 32 °C, but were 
greatly reduced at 37°C. This suggests that virion formation is 
reduced at 37 °C. 

10 

[Example 3] Effect of culture temperature (32°C) on viral 
reconstitution : 

In the experimental reconstitution of viruses in which 
temperature-sensitive mutations were introduced (Example 2), PI and 

15 all subsequent cultures were carried out at 32 °C. This temperature 
was used because the reference virus, used for assessing the 
introduction of temperature-sensitive mutations, grows well at 32°C 
(Kondo, T. etal., J. Biol. Chem. 268, 21924-21930, 1993; Thompson, 
S.D. et al., Virology 160, 1-8, 1987). Close examination of the 

20 experimental conditions revealed that, for SeV reconstitution (and 
for other viruses in addition to those in which temperature-sensitive 
mutations had been introduced) , reconstitution efficiency was 
improved by carrying out PI and subsequent cultures at 32 °C, giving 
a high possibility of recovering viruses that were previously 

25 difficult to obtain. 

There are thought to be two reasons for enhanced reconstitution 
efficiency at 32°C. The first point is that, when cultured at 32°C 
as opposed to 37 °C, cytotoxicity due to AraC, which is supplemented 
to inhibit vaccinia virus amplification, is thought to be suppressed. 

30 Under conditions for viral reconstitution, culturing LLC-MK2/F7/A 
cells at 37°C, in serum-free MEM containing 40 |ig/ml AraC and 7.5 
jig/ml trypsin, caused cell damage after three to four days, including 
an increase in detached cells. However, cultures at 32 °C could be 
sufficiently continued for seven to ten days with cells still intact. 

35 When reconstituting SeV with inefficient transcription and/or 
replication, or with inefficient formation of infectious virions, 
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success is thought to be a direct reflection of culture duration. 
The second point is that F protein expression is maintained in 
LLOMK2/F7/A cells when the cells are cultured at 32°C. After 
culturing LLC-MK2/F7/A cells that continuously express F protein to 
5 confluency on 6-well culture plates in MEM containing 10% FBS and 
at 37 °C, the medium was replaced with a serum-free MEM containing 
7.5 \xg/ml trypsin, and the cells were further cultured at 32 °C or 
37 °C. Cells were recovered over time using a cell scraper, and Western 
blotting using an anti-F protein antibody (mouse monoclonal) was used. 

10 to semi-quantitatively analyze intra-cellular F protein. F protein 
expression was maintained for two days at 37 °C, and then decreased. 
However, at 32 °C expression was maintained for at least eight days 
(Fig. 4) . These results confirm the validity of viral reconstitution 
at 32°C (after PI stage). 

15 The above-described Western blotting was carried out using the 

following method: Cells recovered from one well of a 6-well plate 

were stored at -80°C, then thawed in 100 |il of Ix diluted sample buffer 
for SDS-PAGE (Red Loading Buffer Pack; New England Biolabs, Beverly, 
MA) . Samples were then heated at 98 °C for ten minutes, centrifuged, 

20 and a 10-|al aliquot of the supernatant was loaded on to SDS-PAGE gel 
(multigel 10/20; Daiichi Pure Chemicals Co., Ltd., Tokyo, Japan). 
After electrophoresis at 15 mA for 2 . 5 hours, proteins were transferred 
onto a PVDF membrane (Immobilon PVDF transfer membrane; Millipore, 
Bedford, MA) using semi-dry method at 100 mA for one hour . The transfer 

25 membrane was immersed in a blocking solution (Block Ace; Snow Brand 
Milk Products Co., Ltd., Sapporo, Japan) at 4°C for one hour or more, 
soaked in a primary antibody solution containing 10% Block Ace 
supplemented with 1/1000 volume of the anti-F protein antibody, and 
then allowed to stand at 4°C overnight. After washing three times 

30 with TBS containing 0.05% Tween 20 (TBST) , and a further three times 
with TBS, the membrane was immersed in a secondary antibody solution 
containing 10% Block Ace supplemented with 1/5000 volume of the 
anti-mouse IgG + IgM antibody bound with HRP (Goat F(ab' )2 Anti-Mouse 
IgG + IgM, HRP; BioSource Int., Camarillo, CA) . Samples were then 

35 stirred at room temperature for one hour. The membrane was washed 
three times with TBST, and three times with TBS. The proteins on the 
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membrane were then detected using the chemiluminescence method (ECL 
western blotting detection reagents; Amersham Pharmacia biotech, 
Uppsala, Sweden) . 

5 [Example 4] Quantification of secondarily released particles from 
viruses having temperature sensitive mutations introduced therein 
(HA assay, Western Blotting) : 

Levels of secondarily released particles were compared, 

together with SeV18+/AF-GFP and SeV18+/MtsHNtsAF-GFP, using the 
10 autonomously replicating type SeV that comprises all of the viral 

proteins and the GFP fragment (780 bp) , which comprises the termination 

signal-intervening sequence-initiation signal downstream of the GFP 

gene at the No tl site (SeV18+GFP: Fig. 2). 

LLC-MK2 cells were grown to confluency on 6-well plates. To 
15 these cells were added 3x 10 7 ClU/ml of each virus solution at 100 

p,l per well (MOI= 3) , and the cells were infected for one hour. After 
washing the cells with MEM, serum-free MEM (1 ml) was added to each 
well, and the cells were cultured at 32 °C, 37°Cand38°C, respectively. 
Sampling was carried out every day, and immediately after sampling, 

20 1 ml of fresh serum-free MEM was added to the remaining cells. 
Culturing and sampling were performed over time. Three days after 
infection, observation of GFP expression under a fluorescence 
microscope indicated that infection levels were almost equal for the 
three types of virus for all temperature conditions (32°C, 37 °C and 

25 38°C), and that GFP expression was similar (Fig. 5). 

Secondarily released particles were quantified using an assay 
for hemagglutination activity (HA activity) according to the method 
of Kato et al. (Kato, A., et al., Genes Cell 1, 569-579, 1996). 
Specifically, round-bottomed 96 well-plates were used for serial 

30 dilution of the viral solution with PBS. Serial two-fold 50 jal 
dilutions were carried out in each well. 50 \xl of preserved chicken 
blood (Cosmo Bio, Tokyo, Japan), diluted to 1% with PBS, was added 
to 50 ^1 of the viral solution, and the mixture was allowed to stand 
at 4°C for one hour. Erythrocyte agglutination was then examined. 

35 The highest virus dilution rate among the agglutinated samples was 
judged to be the HA activity. In addition, one hemagglutination unit 



82 



(HAU) was calculated to be lx 10 viruses, and expressed as a number 
of viruses (Fig. 6) . The secondarily released particles of 
SeV18+/MtsHNtsAF-GFP remarkably decreased, and at 37°C, was judged 
to be about 1/10 of the level of SeV18+/AF-GFP. SeV18+/MtsHNtsAF-GFP 
5 viral particle formation was also reduced at 32 °C, and although only 
a few particles were produced, a certain degree of production was 
still thought possible. 

Western blotting was used to quantify the secondarily released 
particles . In a manner similar to that described above, LLC-MK2 cells 

10 were infected at MOI= 3 with the virus, and the culture supernatant 
and cells were recovered two days after infection. The culture 
supernatant was centrifuged at 48,000 xg for 45 minutes to recover 
the viral proteins. After SDS-PAGE, Western blotting was performed 
to detect these proteins using an ant i-M protein antibody. This anti-M 

15 protein antibody is a newly prepared polyclonal antibody, prepared 
from the serum of rabbits immunized with a mixture of three synthetic 
peptides: corresponding to amino acids 1-13 (MADIYRFPKFSYE+Cys/SEQ 
ID NO: 21), 23-35 (LRTGPDKKAIPH+Cys/SEQ ID NO: 22), and 336-348 
(Cys+NVVAKNIGRIRKL/ SEQ ID NO: 23) of the SeV M protein. Western 

20 blotting was performed according to the method described in Example 
3, in which the primary antibody, anti-M protein antibody, was used 
at a 1/4000 dilution, and the secondary antibody, anti-rabbit IgG 
antibody bound with HRP (Anti-rabbit IgG (Goat) H+L con j . ; ICN P., 
Aurola, OH), was used at a 1/5000 dilution. In the case of 

25 SeV18+/MtsHNtsAF-GFP infected cells, M proteins were widely expressed 
to a similar degree, but expression of viral proteins was reduced 
(Fig. 7) . Western blotting also confirmed a decrease in secondarily 
released viral particles. 

30 [Example 5] The expression level of genes comprised by the virus 
induced by temperature-sensitive mutations (SEAP assay) : 

SeV18+/MtsHNtsAF-GFP secondary particle release was reduced. 
However, such a modification would be meaningless in a gene expression 
vector if accompanied with a simultaneous decrease in comprised gene 

35 expression. Thus, the gene expression level was evaluated. LLC-MK2 
cells were infected with SeV18+SEAP/AF-GFP or 
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SeV18+SEAP/MtsHNtsAF-GFP at MOI= 3, and culture supernatant was 
collected over time (12, 18, 24, 50 and 120 hours after infection) . 
SEAP activity in the supernatant was assayed using a Reporter Assay 
Kit-SEAP (TOYOBO, Osaka, Japan) according to the kit method. SEAP 
5 activity was comparable for both types (Fig. 8) . The same samples 
were also assayed for hemagglutination activity (HA activity) . The 
HA activity of SeV18+SEAP/MtsHNtsAF-GFP was reduced to about one tenth 
(Fig. 9) . Viral proteins were harvested from viruses in the samples 
by centrif ugation at 48,000 xg for 45 minutes, and then 

10 semi-guantitatively analyzed by Western blotting using an anti-M 
antibody. The level of viral protein in the supernatant was also 
reduced (Fig. 10) . These findings indicate that the introduction of 
temperature-sensitive mutations reduces the level of secondary 
particle release to about 1/10, with virtually no reduction in the 

15 expression of comprised genes. 

[Example 6] Cytotoxicity of viruses having temperature-sensitive 
mutations introduced therein (LDH assay) : 

SeV infection is often cytotoxic. The influence of introduced 
20 mutations was thus examined from this respect. LLC-MK2, BEAS-2B and 
CV-1 cells were each plated on a 96-well plate at 2 . 5x 10 4 cells/well 

(100 nL/well), and then cultured. LLC-MK2 and CV-1 were cultured in 
MEM containing 10% FBS, and BEAS-2B was cultured in a 1 : 1 mixed medium 
of D-MEM and RPMI (Gibco-BRL, Rockville, MD) containing 10% FBS . After 

25 24 hours of culture, virus infection was carried out by adding 5 p,L/well 
of a solution of SeV18+/AF-GFP or SeV18+/MtsHNtsAF-GFP diluted with 
MEM containing 1% BSA. After six hours, the medium containing the 
viral solution was removed, and replaced with the corresponding fresh 
medium, with or without 10% FBS. The culture supernatant was sampled 

30 three days after infection when FBS-free medium was used, or six days 
after infection when medium containing FBS was used. Cytotoxicity 
was analyzed using a Cytotoxicity Detection Kit (Roche, Basel, 
Switzerland) according to the kit instructions. Neither of the viral 

vectors was cytotoxic in LLC-MK2 . Further, SeV18+/MtsHNtsAF-GFP 
35 cytotoxicity was assessed as being comparable to or lower than that 

of SeV18 + /AF-GFP in CV-1 and BEAS-2B (Fig. 11) . Thus, it was concluded 
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that cytotoxicity was not induced by suppressing secondary particle 
release through the introduction of temperature-sensitive mutations. 

[Example 7] Study of the mechanism of secondary particle release 
5 suppression: 

In order to elucidate the part of the mechanism underlying the 
suppression of secondary particle release associated with the 
introduction of temperature-sensitive mutations, subcellular 
localization of the M protein was examined. LLC-MK2 cells were 

10 infected with each type of SeV (SeV18+GFP, SeV18+/AF-GFP, 
SeV18+/MtsHNtsAF-GFP) , and cultured at 32°C, 37°C or 38°C for two 
days. The cells were immunostained by using an anti-M antibody. 
Immunostaining was performed as follows: The cultured cells were 
washed once with PBS, methanol cooled to -20°C was added, and the 

15 cells were fixed at 4°C for 15 minutes. After washing the cells three 
times with PBS, blocking was carried out at room temperature for one 
hour using PBS solution containing 2% goat serum and 0.1% Triton. 
After washing with PBS a further three times, the cells were reacted 
with a primary antibody solution ( 10 jig/mL anti-M antibody ) containing 

20 2% goat serum at 37 °C for 30 minutes. After washing three times with 
PBS, the cells were reacted with a secondary antibody solution (10 
(xg/mL Alexa Fluor 488 goat anti-rabbit IgG(H+L) conjugate: Molecular 
Probes, Eugene, OR) containing 2% goat serum at 37 °C for 15 minutes. 
Finally, after a further three washes with PBS, the cells were observed 

25 under a fluorescence microscope. In the case of the self -replicating 
SeVl8+GFP comprising both F and HN proteins, condensed M protein was 
detectable on cell surfaces at all of the temperatures tested (Fig. 
12) . Such M protein condensation has been previously reported 
(Yoshida, T. et al., Virology 71, 143-161, 1976), and is presumed 

30 to reflect the site of virion formation. Specifically, in the case 
of SeV18+GFP, cell-surface M protein localization appeared to be 
normal at all temperatures, suggesting that a sufficient amount of 
virions were formed. On the other hand, in the case of SeV18 + /AF-GFP, 
M protein condensation was drastically reduced at 38°C. M protein 

35 is believed to localize on cell surfaces, binding to both F and HN 
protein cytoplasmic tails (Sanderson, CM. et al., J. Virology 68, 
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69-76, 1994; Ali, A. et al. f Virology 276, 289-303, 2000) . Since one 
of these two proteins, namely the F protein, is deleted in 
SeV18+/AF-GFP, F protein deficiency is presumed to have an impact 
on M protein localization. This impact was expected to be stronger 
5 for SeV18+/MtsHNtsAF-GFP, and it was also expected that, even at 37 °C, 
M protein localization would be disturbed and the number of particles 
in the secondary release would be reduced. 

[Example 8] Study of the suppression mechanism of secondary particle 

10 release (2) : 

In order to study the SeV protein's subcellular localization 
in more detail, analyses were carried out using a confocal laser 
microscope (MRC1024; Bio-Rad Laboratories Inc., Hercules, CA) . A-10 
cells (rat myoblasts) were infected with each of SeV18+SEAP/AF-GFP 

15 and SeV18+SEAP/MtsHNtsAF-GFP (MOI= 1), and then cultured in MEM 
containing 10% serum at 32°C or 37°C. One or two days later, the cells 
were immunostained using anti-M antibody and anti-HN antibody. 
Immunostaining was performed as follows: The infected culture cells 
were washed once with PBS. Methanol cooled to -20°C was added to the 

20 cells, and the cells were fixed at 4°C for 15 minutes. The cells were 
washed three times with PBS, and blocking was then carried out for 
one hour at room temperature, using a PBS solution containing 2% goat 
serum, 1% BSA and 0.1% Triton . The cells were reacted with an M primary 

antibody solution (10 |ig/mL anti-M antibody) containing 2% goat serum 
25 at 37 °C for 30 minutes. The cells were then reacted with an HN primary 
antibody solution (1 (ig/mL anti-HN antibody (IL4-1)) at 37°C for 30 
minutes. After washing three times with PBS, the cells were reacted 
with a secondary antibody solution (10 |ag/mL Alexa Fluor 568 goat 
anti-rabbit IgG(H+L) conjugate and 10 jig/mL Alexa Fluor 488 goat 
30 anti-mouse IgG(H+L) conjugate: Molecular Probes, Eugene, OR) 
containing 2% goat serum at 37 °C for 15 minutes . The cells were washed 
three times with PBS and the nuclei were stained with TO_PR03 
(Molecular Probes, Eugene, OR) diluted 4000 times. The cells were 
allowed to stand at room temperature for 15 minutes. Finally, to 
35 prevent quenching, a Slow Fade Antifade Kit solution (Molecular Probes, 
Eugene, OR) was substituted for the liquid, and the cells were observed 
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under a confocal laser microscope. Fig. 13 shows the results one day 
after infection. Red represents M protein localization; green, HN 
protein localization; and yellow, co-localization of the two. Far 
red has been subjected to color conversion, and thus blue represents 
5 the nucleus. In the case of SeV18+SEAP/AF-GFP, each protein's 
localization pattern did not differ largely between 32°C and 37°C, 
and cell-surface localization of the M and HN proteins was observed. 
On the other hand, localization of each protein for 
SeV18+SEAP/MtsHNtsAF-GFP was different at both temperatures from that 

10 for SeV18+SEAP/AF-GFP. Specifically, hardly any M protein was 
localized on the cell surface. In particular, at 37 °C, the M and HN 
proteins were almost completely separated, such that the M protein 
- was localized at sites presumed to be close to the centrosome of 
microtubules (i.e., near the Golgi body). A similar result was 

15 obtained for cells cultured two days after infection. Particularly 
in SeV18+SEAP/MtsHNtsAF-GFP-infected cells, subcellular M protein 
localization did not change between one day and two days after 
infection (Fig. 14) , and protein transport appeared to have stopped. 
This result also showed that the reduced secondary particle release 

20 by viruses having temperature-sensitive mutations introduced therein 
was caused by a deficiency in localization of the M protein, which 
is expected to play a central role in particle formation. 

When the cells were cultured at 32 °C after infection with 
SeV18+SEAP/MtsHNtsAF-GFP, the M protein stained in a morphology 

25 similar to that of a microtubule (Fig. 13) . To show the involvement 
of microtubules, a reagent that enhances microtubule depolymerization 
was added, and changes in M protein (and the HN protein) localization 
were then studied. A-10 cells were infected with 

SeV18+SEAP/MtsHNtsAF-GFP at MOI= 1, and a depolymerization reagent, 

30 colchicine (Nakarai Tesque, Kyoto, Japan) or colcemid (Nakarai Tesque, 
Kyoto, Japan) , was immediately added at a final concentration of 1 
mM. The cells were then cultured at 32°C. Two days after infection, 
the subcellular localizations of the M and HN proteins were observed 
by the same method as described above. In the absence of the 

35 depolymerization reagent, M protein distribution was similar in 
morphology to a microtubule (Fig. 13) . However, addition of the 
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depolymerization reagent resulted in disruption of this structure, 
and the M protein was detected as a large fibrous structure (Fig. 
15) . This structure may be an aggregate of the M protein by itself, 
or M protein bound to the residues of depolymerized microtubules. 
5 In either case, as seen in Fig. 13, it was plausibly judged that the 
M protein was localized on microtubules in cells cultured at 32°C 
after infection with SeV18+SEAP/MtsHNtsAF-GFP . 

In order to clarify whether or not the above-mentioned 
localization of the M protein in microtubules was characteristic of 

10 temperature-sensitive viruses, the post-infection influence of the 
microtubule depolymerization reagent (colchicine) on changes to M 
protein (and HN protein) localization was evaluated for both viruses 
SeV18+/AF-GFP and SeV18+/MtsHNtsAF-GFP . A-10 cells were infected 
with SeV18+/AF-GFP or SeV18 + /MtsHNtsAF-GFP at MOI= 1, and the 

15 depolymerization reagent colchicine was immediately added at a final 
concentration of 1 jaM. The cells were cultured at 32 °C or 37 °C. Two 
days after infection, the subcellular localization of the M protein 
(and the HN protein) was observed using the same method as described 
above. The results are shown in Fig. 16. Infected cells exhibited 

20 similar features for both viruses. Specifically, when the cells were 
cultured at 32 °C after infection, the M protein was observed as a 
large fibrous structure, similar to that in Fig. 15. The M protein's 
coexistence with microtubules was also suggested for SeV18+/AF-GFP . 
In particular, in cells infected with SeV18+/MtsHNtsAF-GFP and 

25 cultured at 37°C, the M protein was observed to be localized in areas 
supposed to be near the Golgi body. 

Based on the above results, the following can be inferred: the 
M protein is synthesized near the Golgi body; it is transported around 
the cell along microtubules (for example, bound to a motor protein 

30 such as kinesin) , mainly bound to the cytoplasmic tails of the F and 
HN proteins (Sanderson, CM. et al., J. Virology 68, 69-76, 1994; 
Ali, A. et al., Virology 276, 289-303, 2000); and the M protein is 
localized on the cell surface, followed by particle formation. In 
viruses comprising a temperature-sensitive mutation, everything up 

35 to the point of intracellular transport along microtubules may be 
normal at 32°C. However, translocation from microtubules to the cell 
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surface may be hindered, resulting in localization along microtubules . 
At 37°C / it can be presumed that even intracellular transport along 
microtubules may be hindered, and thus, localization in the vicinity 
of the Golgi body is observed. M protein synthesis is supposed to 
5 take place near the Golgi body. However, it is possible that M protein 
aggregation is observed at these sites, and that the area of synthesis 
itself is elsewhere. However, it has been reported that tubulin, a 
microtubule component, activates and is involved in SeV transcription 
and replication (Moyer, S.A. et al., Proc. Natl. Acad. Sci. U.S.A. 

10 83, 5405-5409, 1986; Ogino, T. etal., J. Biol. Chem. 274, 35999-36008, 
1999) . Moreover, as the Golgi body is located near the centrosome, 
where tubulin is predicted to exist in abundance, the Golgi body can 
be synthesized close to the microtubule central body (i.e., near the 
Golgi body) .* In addition, although the SeV mutant strain, Fl-R, 

15 comprises a mutation in its M gene, it modifies microtubules after 
infecting cells, and this modification may enable particle formation 
independent of Fl-R strain cell polarity (Tashiro, M. et al. , J. Virol . 
67, 5902-5910, 1993) . In other words, the results obtained in the 
present Example may also be interpreted by assuming the intracellular 

20 transport of the M protein along tubulin. In this supposed mechanism, 
introduction of temperature-sensitive mutations to the M and HN genes 
may result in deficient subcellular M protein localization, resulting 
in a reduction in secondary particle release. 

25 [Example 9] Construction of the genomic cDNA of an M gene-deficient 
SeV comprising the EGFP gene: 

Construction of cDNA used the full-length genomic cDNA of an 
M-deficient SeV, which is M gene-deficient (pSeV18 + /AM: WO 00/09700) . 
The construction scheme is shown in Fig . 17. The BstEII fragment (2098 

30 bp) comprising the M-deficient site of pSeVl8+/AM was subcloned to 
the JBstEII site of pSE280 (pSE-BstEIIf rg construction) . The EcoRV 
recognition site at this pSE280 site had been deleted by previous 
digestion with Sall/Xhol followed by ligation (Invitrogen, Groningen, 
Netherlands) . pEGFP comprising the GFP gene (TOYOBO, Osaka, Japan) 

35 was digested using AccSbl and EcoRI, and the 5' -end of the digest 
was blunted by filling in using a DNA blunting Kit (Takara, Kyoto, 
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Japan) . The blunted fragment was then subcloned into the 
pSE-BstEIIf rg, which had been digested with EcoRV and treated with 
BAP (TOYOBO, Osaka, Japan) . This BstEII fragment, comprising the EGFP 
gene, was returned to the original pSeV18+/AM to construct the M 
5 gene-deficient SeV genomic cDNA (pSeV18+/AM-GFP) , comprising the EGFP 
gene at the M-deficient site. 

[Example 10] Construction of the genomic cDNA of an M gene- and 
replication ability-deficient SeV: 

10 The genomic cDNA of an M - and F gene-deficient SeV was 

constructed. The construction scheme described below is shown in Fig. 
18. The M gene was deleted using pBlueNaelf rg-AFGFP, which was 
constructed by subcloning a Nael fragment (4922 bp) of the F-deficient 
Sendai virus full-length genomic cDNA comprising the EGFP gene at 

15 the F gene-deficient site (pSeV18+/AF-GFP : Li, H.-O. et al., J. 
Virology 74, 6564-6569, 2000; WO 00/70070), to the EcoRV site of 
pBluescript II (Stratagene, La Jolla, CA) . Deletion was designed so 
as to excise the M gene using the ApaLI site directly behind it. That 
is, the ApaLI recognition site was inserted right behind the P gene, 

20 so that the fragment to be excised became 6n. Mutagenesis was 
performed using the QuikChange™ Site-Directed Mutagenesis Kit 
(Stratagene, La Jolla, CA) according to the kit method. The synthetic 
oligonucleotide sequences used for the mutagenesis were as follows: 
5' -agagtcactgaccaactagatcgtgcacgaggcatcctaccatcctca-3' / SEQ ID NO: 

25 24 and 

5' -tgaggatggtaggatgcctcgtgcacgatctagttggtcagtgactct-3' /SEQ ID NO: 
25. 

After mutagenesis, the resulting mutant cDNA was partially 
digested using ApaLI (at 37°C for five minutes), recovered using a 

30 QIAquick PCR Purification Kit (QIAGEN, Bothell, WA) , and then ligated 
as it was. The DNA was again recovered using the QIAquick PCR 
Purification Kit, digested with BsmI and StuI, and used to transform 
DH5a to prepare the M gene-deficient (and F gene-deficient) DNA 
(pBlueNaelf rg-AMAFGFP) . 

35 pBlueNaelf rg-AMAFGFP deficient in the M gene (and the F gene) 

was digested with Sail and ApaLI to recover the 1480 bp fragment 
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comprising the M gene-deficient site. pSeV18+/AF-GFP was digested 
with ApaLI/Nhel to recover the HN gene-comprising fragment (6287 bp) , 
and these two fragments were subcloned into the Sall/Nhel site of 
Litmus 38 (New England Biolabs, Beverly, MA) 

5 (LitmusSall/Nhelf rg-AMAFGFP construction) . The 7767 bp fragment 
recovered by digesting LitmusSall/Nhelf rg-AMAFGFP with Sall/Nhel was 
ligated to another fragment (8294 bp) obtained by digesting 
pSeV18+/AF-GFP with Sall/Nhel, that did not comprise genes such as 
the M and HN genes. In this way an M- and F-deficient Sendai virus 
10 full-length genome cDNA comprising the EGFP gene at the deficient 

site (pSeV18+ /AMAF-GFP) was constructed. Structures of the 
M-deficient (and the M- and F-deficient) viruses thus constructed 
are shown in Fig. 19. This genomic cDNA is useful for constructing 
M- and F-deficient SeV comprising the desired, modified F protein. 

15 

[Example 11] Preparation of helper cells expressing SeV-M proteins 
To prepare helper cells expressing M proteins, the Cre/loxP 
expression induction system was used. For constructing this system, 
plasmid, pCALNdLw, which is designed to induce the expression of gene 
20 products using the Cre DNA recombinase, was used (Arai, T. et al., 
J. Virol. 72, 1115-1121, 1988). This system was also employed for 
the preparation of helper cells (LLC-MK2/F7 cells) for the F protein 
(Li, H.-O. et al., J. Virology 74, 6564-6569, 2000; WO 00/70070). 

25 <1> Construction of M gene-expressing plasmids: 

To prepare helper cells which induce the expression of the F 
and M proteins, the above-described LLC-MK2/F7 cells were used to 
transfer the M gene to these cells using the above-mentioned system. 
Since the pCALNdLw/F used in the transfer of the F gene contained 

30 the neomycin resistance gene, it was essential to insert a different 
drug resistance gene to enable use of the same cells. Therefore, 
according to the scheme described in Fig. 20, the neomycin resistance 
gene of the M gene-comprising plasmid (pCALNdLw/M: the M gene was 
inserted at the Swal site of pCALNdLw) was replaced with the hygromycin 

35 resistance gene. That is, after pCALNdLw/M was digested with Hindi 
and £coT22I, an M gene-comprising fragment (4737 bp) was isolated 
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by electrophoresis on agarose and the corresponding band was excised 
and recovered using the QIAEXII Gel Extraction System. At the same 
time, pCALNdLw/M was digested with Xhol to recover a fragment that 
did not comprise the neomycin resistance gene (5941 bp) and then 
5 further digested with Hindi to recover a 1779 bp fragment. The 
hygromycin resistance gene was prepared by performing PCR using 
pcDNA3 . lhygro (+) (Invitrogen, Groningen, Netherlands) as the 
template and the following pair of primers: 
hygro-5' 

10 (5' -tctcgagtcgctcggtacgatgaaaaagcctgaactcaccgcgacgtctgtcgag-3' / 
SEQ ID NO: 26) and 
hygro-3' 

(5' -aatgcatgatcagtaaattacaatgaacatcgaaccccagagtcccgcctattcctttgc 
cctcggacgagtgctggggcgtc-3' ) /SEQ ID NO: 27). 
15 The PCR product was recovered using the QIAquick PCR 

Purification Kit, and then digested using Xhol and £coT22I. 
pCALNdLw-hygroM was constructed by ligating these three fragments. 

<2> Cloning of helper cells which induce the expression of SeV-M 

20 and SeV-F proteins: 

Transfection was performed using the Superfect Transfection 
Reagent by the method described in the Reagent's protocol. 
Specifically, the following steps were performed: LLC-MK2/F7 cells 
were plated on 60 mm diameter Petri dishes at 5x 10 5 cells/dish, and 

25 then cultured in D-MEM containing 10% FBS for 24 hours. 
pCALNdLw-hygroM (5 |ig) was diluted in D-MEM containing neither FBS 
nor antibiotics (150 |il in total) . This mixture was stirred, 30 |il 
of the Superfect Transfection Reagent was added, and the mixture was 
stirred again. After standing at room temperature for ten minutes, 

30 D-MEM containing 10% FBS (1 ml) was added. The transfection mixture 
thus prepared was stirred, and added to LLC-MK2/F7 cells which had 
been washed once with PBS . After three hours of culture in an incubator 
a:t 37 °C and in 5% CO2 atmosphere, the transfection mixture was removed, 
and the cells were washed three times with PBS. D-MEM containing 10% 

35 FBS (5 ml) was added to the cells, which were then cultured for 24 
hours. After culture, the cells were detached using trypsin, plated 
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onto a 96-well plate at a dilution of about 5 cells/well, and cultured 
in D-MEM containing 10% FBS supplemented with 150 jxg/ml hygromycin 
(Gibco-BRL, Rockville, MD) for about two weeks. Clones propagated 
from a single cell were cultured to expand to a 6-well plate culture. 
5 A total of 130 clones were thus prepared, and were analyzed as detailed 
below. 

<3> Analysis of helper cell clones which induce the expression 
of SeV-M (and SeV-F) protein(s): 

Western blotting was used to semi-quantitatively analyze M 
protein expression in the 130 clones obtained as detailed above. Each 
clone was plated onto a 6-well plate, and, when in a state of near 
confluence, infected at MOI= 5 with a recombinant adenovirus 
expressing Cre DNA recombinase (AxCANCre) diluted in MEM containing 
5% FBS, according to the method of Saito et al. (Saito, I. et al., 
Nucleic Acids Res. 23, 3816-3821, 1995; Arai, T. et al., J. Virol. 
72, 1115-1121, 1998) . After culturing at 32°C for two days, the 
culture supernatant was removed. The cells were washed once with PBS, 
and recovered by detachment using a cell scraper. SDS-PAGE was 
performed by applying 1/10 of the cells thus recovered per lane, and 
then Western blotting was carried out using anti-M protein antibody, 
according to the method described in Examples 3 and 4. Of the 130 
clones, those showing relatively high M protein expression levels 
were also analyzed by Western blotting using the anti-F protein 
antibody (f236: Segawa, H. etal., J. Biochem. 123, 1064-1072, 1998). 
Both results are described in Fig. 21. 

[Example 12] Evaluation of helper cells inducing the expression of 
SeV-M proteins: 

30 Using the helper cells inducing the expression of SeV-M proteins 

cloned in Example 11, virus reconstitution of M-deficient SeV 
(SeV18+/AM-GFP) was carried out to evaluate virus-producing ability 
of these cell clones. P0 lysate of SeV18+/AM-GFP was added to each 
clone, and whether or not GFP protein spread was observed (whether 

35 or not the trans-supply of M protein was achieved) was examined. P0 
lysate was prepared as follows. LLC-MK2 cells were plated on 100-mm 
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diameter Petri dishes at 5x 10 cells/dish, cultured for 24 hours, 
and then infected at MOI= 2 with PLWUV-VacT7 at room temperature for 

one hour. Plasmids pSeV18+/AM-GFP, pGEM/NP, pGEM/P, pGEM/L, 
pGEM/F-HN and pGEM/M were suspended in Opti-MEM at weight ratios of 

5 12 ^ig, 4 \iq, 2 ^ig, 4 jig, 4 jug and 4 jxg/dish, respectively. To these 
suspensions, the equivalent of 1 |ig DNA/5 jal of SuperFect transfection 
reagent was added and mixed. The mixture was allowed to stand at room 
temperature for 15 minutes, and finally added to 3 ml of Opti-MEM 
containing 3% FBS . This mixture was added to the cells, which were 
10 then cultured. After culturing for five hours, the cells were washed 
twice with serum-free MEM, and cultured in MEM containing 40 jig/ml 
AraC and 7.5 )Lig/ml trypsin. After 24 hours of culture, LLC-MK2/F7/A 
cells were layered at 8.5x 10 6 cells/dish, and further cultured in 

MEM containing 40 (ig/ml AraC and 7.5 |ig/ml trypsin at 37 °C for two 

15 days (P0) . These cells were recovered, the pellet was suspended in 
2 ml/dish Opti-MEM, and P0 lysate was prepared by repeating three 
cycles of freezing and thawing. At the same time, ten different clones 
were plated on 24-well plates. When nearly confluent, they were 
infected with AxCANCre at MOI= 5, and cultured at 32 °C for two days. 

20 These cells were transfected with P0 lysate of SeV18+/AM-GFP at 200 
(il/well, and cultured using serum-free MEM containing 40 |ig/ml AraC 
and 7 . 5 |ig/ml trypsin at 32 °C . GFP protein spread due to SeV18+/AM-GFP 
was observed in clones #18 and #62 (Fig. 36) . This spread was 
especially rapid in clone #62 , which was used in subsequent experiments . 

25 Hereafter, these cells prior to induction with AxCANCre are referred 
to as LLC-MK2/F7/M62 . After induction, cells which continuously 
express F and M proteins are referred to as LLC-MK2/F7/M62/A. 
Preparation of SeV18+/AM-GFP cells was continued using 
LLC-MK2/F7/M62/A cells . Six days after P2 infection, 9 . 5x 10 7 GFP-CIU 

30 viruses were prepared. Five days after P4 infection, 3.7x 10 7 GFP-CIU 
viruses were prepared. 

As indicated in Example 3, it was presumed that culturing at 
32 °C or such after the PI stage is significantly important for recovery 
of the SeV18+/AM-GFP virus. In SeV18+/AM-GFP, in trans supply of M 

35 protein from expression cells (LLC-MK2/F7/M62/A) is thought to be 
a cause; however, spread of infection was extremely slow and was 
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finally observed seven days after PI infection (Fig. 22) . Thus, as 
in the viral reconstitution experiments, "culturing at 32 °C after 
the PI stage" is supported as being very effective in reconstituting 
SeV having inefficient transcription-replication or poor ability to 
5 form infectious virions. 

[Example 13] Investigation of virus producing conditions using helper 
cells inducing the expression of SeV-M proteins: 

The productivity of the above-described virus was also 

10 investigated. LLOMK2/F7/M62/A cells were plated on 6-well plates 
and cultured at 37 °C. When the cells were nearly confluent, they were 
shifted to 32°C. One day later, these cells were infected at MOI= 
0.5 with SeV18+/AM-GFP. The culture supernatant was recovered over 
time, and replaced with fresh medium. Supernatants thus recovered 

15 were assayed for CIU and HAU. Most viruses were recovered four to 
six days after infection (Fig. 23) . HAU was maintained for six or 
more days after infection, however cytotoxicity was strongly 
exhibited at this point, indicating the cause was not HA protein 
originating in viral particles, but rather the activity of HA protein 

20 free or bound to cell debris. Therefore for virus collection, the 
culture supernatant is preferably recovered by the fifth day after 
infection . 

[Example 14] Structural confirmation of the M gene-deficient SeV: 
25 SeV18+/AM-GFP' s viral genes were confirmed by RT-PCR, and the 

viral proteins by Western blotting. In RT-PCR, the P2 stage virus 
six days after infection was used. QIAamp Viral RNA Mini Kit (QIAGEN, 
Bothell, WA) was used in the recovery of RNA from the viral solution. 
Thermoscript RT-PCR System (Gibco-BRL, Rockville, MD) was used to 
30 prepare the cDNA. Both systems were performed using kit protocol 
methods. The random hexamer supplied with the kit was used as the 
primer for cDNA preparation. To confirm that the product was formed 
starting from RNA, RT-PCR was performed in the presence or absence 
of reverse transcriptase. PCR was performed with the above-prepared 
35 cDNA as the template, using two pairs of primers: one combination 
of F3593 (5' -ccaatctaccatcagcatcagc-3' /SEQ ID NO: 28) on the P gene 
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and R4993 (5' -ttcccttcatcgactatgacc-3' /SEQ ID NO: 29) on the F gene, 
and another combination of F3208 (5' -agagaacaagactaaggctacc-3' /SEQ 
ID NO: 30) on the P gene and R4993 . As expected from the gene structure 
of SeV18+/AM-GFP, amplifications of 1073 bp and 1458 bp DNAs were 
5 observed from the former and latter combinations respectively (Fig. 
24). When reverse transcriptase was omitted (RT-) , gene 
amplification did not occur. When the M gene was inserted instead 
of the GFP gene (pSeV18+GFP) , 1400 bp and 1785 bp DNAs were amplified 
respectively. These DNAs are clearly different in size from those 

10 described above, supporting the fact that this virus is M 
gene-deficient in structure. 

Protein confirmation was performed using Western blotting. 
LLOMK2 cells were infected at MOI= 3 with SeV18 + /AM-GFP (shown as 
AM in Figures) , SeV18+/AF-GFP (shown as AF in Figures) , and SeV18+GFP 

15 (shown as 18+ in Figures), respectively, and the culture supernatant 
and cells were recovered three days after infection. The culture 
supernatant was centrifuged at 48,000 xg for 45 minutes to recover 
viral proteins. After SDS-PAGE, Western blotting was performed to 
detect proteins using anti-M protein antibody, anti-F protein 

20 antibody, and DN-1 antibody (rabbit polyclonal) which mainly detects 
NP protein, according to the method described in Examples 3 and 4. 

In cells infected with SeV18+/AM-GFP, the M protein was not detected 
while the F and/or NP proteins were observed. Therefore, this virus 

was also confirmed to have the SeV18+/AM-GFP structure from the point 
25 of view of proteins (Fig. 25) . The F protein was not observed in cells 

infected with SeV18+/AF-GFP, while all viral proteins examined were 
detected in cells infected with SeV18+GFP. In addition, very little 
NP protein was observed in the culture supernatant in the case of 
infection with SeV18+/AM-GFP, indicating that there were no or very 
30 few secondarily released particles. 

[Example 15] Quantitative analysis concerning the presence or absence 
of secondarily released particles of M gene-deficient SeV: 

As described in Example 14, LLK-MK2 cells were infected with 
35 SeV18+/AM-GFP at MOI= 3, the culture supernatant was recovered three 
days after infection, filtered through an 0 . 4 5 join pore diameter filter, 
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and then centrifuged at 48,000 xg for 45 minutes to recover viral 
proteins. Western blotting was then used to semi-quantitatively 
detect viral proteins in the culture supernatant. Samples similarly 
prepared from cells infected with SeV18+/AF-GFP were used as the 
5 control. Serial dilutions of respective samples were prepared and 
subjected to Western blotting to detect proteins using the DN-1 
antibody (primarily recognizing NP protein) . The viral protein level 
in the culture supernatant of cells infected with SeV18+/AM-GFP was 
estimated to be about 1/100 that of cells infected with SeV18 + /AF-GFP 

10 (Fig. 26) . Sample HA activities were 64 HAU for SeV18+/AF-GFP, 
compared to less than 2 HAU for SeV18+/AM-GFP. 

Time courses were examined for the same experiments. That is, 
LLC-MK2 cells were infected at MOI= 3 with SeV18+/AM-GFP, and the 
culture supernatant was recovered over time (every day) to measure 

15 HA activity (Fig. 27) . Four days or more after infection, slight HA 
activity was detected. However, measurements of LDH activity, an 
indicator of cytotoxicity, revealed clear cytotoxicity four or more 
days after infection in the SeV18+/AM-GFP-inf ected cells (Fig. 28) . 
This indicated the strong possibility that elevated HA activity was 

20 not due to VLPs, but to the activity of HA protein bound to or free 
from cell debris . Furthermore, the culture supernatant obtained five 
days after infection was examined using Dosper Liposomal Transf ection 
Reagent, a cationic liposome (Roche, Basel, Switzerland) . The 
culture supernatant (100 fil) was mixed with Dosper (12.5 jil), allowed 

25 to stand at room temperature for ten minutes, and then transfected 
to LLC-MK2 cells cultured to confluency on 6-well plates. Inspection 
under a fluorescence microscope two days after transfection revealed 
that many GFP-positive cells were observed in the supernatant of cells 
infected with SeV18+/AF-GFP which contained secondarily released 

30 particles, while very few or almost no GFP-positive cells were observed 

in the supernatant of cells infected with SeV18+/AM-GFP (Fig. 29) . 
From the above results, the secondary release of particles was 
concluded to be almost completely suppressed by an M protein 
deficiency. 

35 

2 . Construction of the SeV vector with decreased or defective particle 
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forming ability due to modified protease-dependent tropism 

Utilizing the reconstitution system for the M-defective SeV 
constructed above, SeV in which the cleavage site of the F protein 
is modified, as shown below, was constructed. 

5 

[Example 16] Construction of an M-deficient SeV genomic cDNA with 
modified F protein activation site: 

An M-deficient SeV genomic cDNA inserted with a recognition 
sequence for a protease highly expressed in cancer cells at the F1/F2 

10 cleavage site (activation site) of the F protein was constructed. 
Various sequences based on sequences used as synthetic substrates 
of MMP-2 and MMP-9, and sequences based on substrates of uPA were 
designed. Fig. 30 shows four kinds of sequences: two sequences 
designed based on the sequence of synthetic substrates utilized as 

15 substrates of MMP-2 and MMP-9 (Netzel-Arnett , S. etal., Anal. Biochem. 
195, 86-92, 1991) with additional modifications [PLG4MTS (SEQ ID NO: 
3) and PLGiLGL (SEQ ID NO: 31) ; hereinafter, F proteins comprising 
these sequences is referred to as F(MMP#2) and F(MMP#3), 
respectively] ; another sequence designed by inserting only the 

20 three-amino acid sequence, PLG, that is common to synthetic substrates 
of MMP (hereinafter, the F protein having this sequence is referred 
to as F(MMP#4)); and the sequence designed based on a substrate of 
uPA, VGR (SEQ ID NO: 6), (hereinafter, the F protein comprising this 
sequence is referred to as F(uPA)). 

25 For actual sequence designing to achieve a more selective action 

towards the MMPs of interest (MMP-2 and MMP-9), the sequences of 
commercially available synthetic substrates, as well as reports that 
made detailed examinations of substrate specificity (Turk, B.E. et 
al. , Nature Biotech. 19(7), 661-667, 2001; Chen, E.I. etal., J. Biol. 

30 Chem. 277(6), 4485-4491, 2002) can be referenced. Particularly for 
MMP-9, a consensus sequence from P3 to P2', Pro-X-X-Hy- (Ser/Thr) (X= 
any residues; Hy= hydrophobic residues) , is recommended (Kridel, S.J. 
et al., J. Biol. Chem. 276(23), 20572-20578, 2001). Therefore, 
F(MMP#2) was newly designed as the present design, PLGiMTS, from the 

35 sequence of the original synthetic substrate, PLGiMWS, so that it 
matches the consensus sequence. 
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The gene construction scheme is shown in Fig. 31. The 
full-length genomic cDNA (pSeV18+/AM-GFP) of M-def icient Sendai virus, 
in which an EGFP gene is inserted at M-deficient site, was digested 
with Sail and Nhel. The fragment (9634 bp) comprising the F gene was 
5 separated by agarose gel electrophoresis, and then the corresponding 
band was cut out and collected with QIAEXII Gel Extraction System 
(QIAGEN, Bothell, WA) . The obtained fragment was subcloned into the 
Sail /Nhel site of LITMUS38 (New England Biolabs, Beverly, MA) 
(construction of LitmusSall/Nhelf rgAM-GFP) . Mutagenesis to the F 

10 gene was performed on this LitmusSall/Nhelf rgAM-GFP, using 
QuickChange™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, 
CA) according to the method described in the kit. The sequences of 
the synthetic oligos used for the mutagenesis were as follows: 
5 ' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCatGaCGAGtTTCTTCGGTGCTGT 

15 GATTGGTACTATC- 3 ' (SEQ ID NO: 32) 
and 

5 ' -GATAGTACCAATCACAGCACCGAAGAAaCTCGtCatGccAagAggGGCATTTTGTGTCGTA 
TCATTGGTGACAG-3 ' (SEQ ID NO: 33) for the conversion to F(MMP#2); 
5 ' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCCtGggGttATTCTTCGGTGCTGT 
2 0 GATTGGTACTATCG- 3 ' (SEQ ID NO: 34) 
and 

5 ' -CGATAGTACCAATCACAGCACCGAAGAATaaCccCaGGccAagAggGGCATTTTGTGTCGT 
ATCATTGGTGACAG- 3 ' (SEQ ID NO: 35) for the conversion to F(MMP#3); 
5 ' -CAAAATGCCGGTGCTCCCCcGTtGgGATTCTTCGGTGCTGTGATT-3 ' (SEQ ID NO: 36) 
25 and 

5 ' - AATCACAGCACCGAAGAATCcCaACgGGGGAGCACCGGCATTTTG- 3 ' (SEQ ID NO: 37) 
for the conversion to F(MMP#4); 

and 5' -GACACAAAATGCCGGTGCTCCCgtGggGAGATTCTTCGGTGCTGTGATTG-3' (SEQ 
ID NO: 38) 

30 and 5 ' -CAATCACAGCACCGAAGAATCTCccCacGGGAGCACCGGCATTTTGTGTC-3 ' (SEQ 

ID NO: 39) for the conversion to F(uPA) . 

Lower case letters indicate mutated nucleotides. 

LitmusSall/Nhelf rgAM-GFP comprising an objective mutation on 

the F gene was digested with Sail/ Nhel to collect a fragment (9634 
35 bp) comprising the F gene . The full-length genomic cDNA of F-def icient 

Sendai virus comprising the EGFP gene at the F-deficient site 
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(pSeV18+/AF-GFP: Li, H.-O. et al., J. Virol. 74, 6564-6569, 2000; 
WO 00/70070) was digested with Sail and Nhel to collect an NP 
gene-comprising fragment (8294 bp) , and a multicloning site was 
introduced to the fragment using synthetic oligo DNA to obtain a 

5 plasmid (pSeV/ASallNhelf rg-MCS : PCT/JP00/06051) . The obtained 
plasmid was digested with Sail and Nhel to collect a fragment (8294 
bp) . These collected fragments were ligated to each other to construct 
an M-def icient SeV cDNA (pSeVl8+/F (MMP#2 ) AM-GFP, 

pSeV18+/F (MMP#3 ) AM-GFP, or pSeV18+/F (MMP#4 ) AM-GFP) comprising the 
10 F(MMP#2), F(MMP#3), or F(MMP#4) gene (an F gene designed to be 
activated by MMP) , and M-def icient SeV cDNA (pSeV18+/F (uPA) AM-GFP) 
comprising the F(uPA) gene (an F gene designed to be activated by 
uPA) . 

15 [Example 17] Reconstitution and amplification of an M-def icient SeV 
vector having a modified F activation site: 

Reconstitution of the virus was performed according to the 
procedure reported by Li et al. (Li, H.-O. et al., J. Virol. 74, 
6564-6569, 2000; WO 00/70070) . Since the virus was an M-deficient 

20 form, the above-mentioned helper cells (as in Example 11) that provide 
the M protein in trans were used. The Cre/loxP expression induction 
system was used for helper cell production. The system utilized the 
pCALNdLw plasmid designed to induce the expression of gene products 
with Cre DNA recombinase (Arai, T. et al., J. Virol. 72, 1115-1121, 

25 1988) . Thus, a recombinant adenovirus (AxCANCre) expressing Cre DNA 
recombinase was infected to the transformant of this plasmid using 
the method of Saito et al. (Saito, I. et al., Nucleic Acids Res. 23, 
3816-3821, 1995; Arai, T. et al., J. Virol. 72, 1115-1121, 1998) to 
express the inserted genes (see Examples 11 and 12). 

30 The reconstitution of the M-deficient SeV in which the 

activation site of F was modified was performed as follows. LLC-MK2 
cells were plated onto a 100-mm dish at a density of 5x 10 6 cells/dish 
and incubated for 24 hours. Recombinant vaccinia viruses 
(PLWUV-VacT7: Fuerst, T.R. et al., Proc. Natl. Acad. Sci. USA 83, 

35 8122-8126, 1986) expressing T7 polymerase was treated with psoralen 
under ultraviolet A irradiation (365 nm) for 20 minutes, and infected 
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(at MOI= 2) to the cells at room temperature for one hour. The cells 
were washed with serum-free MEM. pSeV18+/F (MMP#2 ) AM-GFP 

(alternatively, pSeV18+/F (MMP#3) AM-GFP, pSeV18+/F (MMP#4 ) AM-GFP, or 
pSeV18+/F(uPA) AM-GFP) , pGEM/NP, pGEM/P, pGEM/L (Kato, A. et al. f 
5 Genes Cells 1, 569-579, 1996), and pGEM/F-HN (Li, H.-O. et al. f J. 
Virology 74, 6564-6569, 2000; WO 00/70070) plasmids were suspended 
in Opti-MEM (Gibco-BRL, Rockville, MD) at densities of 12 |ig, 4 \iq, 

2 jig, 4 jig, and 4 |ug per dish, respectively. SuperFect transfection 
reagent (Qiagen, Bothell, WA) corresponding to 5 |iL per 1 \xg DNA was 

10 added to respective solutions, mixed, and then allowed standing at 
room temperature for 15 minutes. Finally, the mixture was added to 

3 mL of Opti-MEM comprising FBS at a final concentration of 3%, and 
then added to the cells for culture. After five hours of culturing, 
the cells were washed twice in serum-free MEM, and were cultured in 

15 MEM containing 40 (ag/mL Cytosine p-D-arabinof uranoside (AraC: Sigma, 
St. Louis, MO) and 7 . 5 (ig/mL trypsin (Gibco-BRL, Rockville, MD) . After 
culturing for 24 hours, cells (LLC-MK2/F7/M62/A) that continuously 
expressed the M protein were layered at a density of 8 . 5x 10 6 cells/dish, 
and cultured in MEM containing 40 jig/mL AraC and 7.5 (ig/mL trypsin 

20 at 37°C for another two days (P0). These cells were collected and 
the pellet was suspended in 2 mL/dish of Opti-MEM. After repeating 
three cycles of freezing and thawing, the lysate was directly 
transfected to LLC-MK2/F7/M62/A, and cultured at 32°C in serum-free 
MEM containing 4 0 |ig/mL AraC, 7.5 (ig/mL Trypsin, and 50 U/mL type IV 

25 collagenase (ICN, Aurola, OH) (PI) . Three to 14 days later, a portion 
of the culture supernatant was sampled and infected to freshly prepared 
LLC-MK2/F7/A, and cultured at 32°C in serum-free MEM containing 40 
p.g/mL AraC, 7.5 (ig/mL trypsin, and 50 U/mL type IV collagenase (P2) . 
Three to 14 days later, this was reinfected to freshly prepared 

30 LLC-MK2/F7/M62/A and cultured at 32 °C for 3 to 7 days in serum-free 
MEM containing 7 . 5 (ig/mL trypsin and 50 U/mL type IV collagenase (P3) . 
BSA was added to the collected culture supernatant to a final 
concentration of 1%, and culture was stored at -80 °C. The viral stock 
solution was thawed for later production and in vitro experiments. 

35 Furthermore, helper cells (LLC-MK2/F7/M62-#33) which enables 

production of the M-deficient SeV vector at higher titers was 
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successfully obtained by introducing the SeV-M gene (and SeV-F gene) 
of the same system (pCALNdLw : Arai, T. et al. , J. Virol. 72, 1115-1121, 
1988) into LLC-MK2/F7/M62 as the helper cell that provides the M 
protein in trans and continuing the cloning of cells. Using these 
5 cells, an M-deficient SeV vector (SeV18+/AM-GFP) in which the F gene 
has not been mutated can be produced at titers of lx 10 8 GFP-CIU/mL 
(GFP-CIU is defined in WO 00/70070) or more. In addition, the use 
of these cells accomplished also the preparation of both 
SeV18 + /F(MMP#2) AM-GFP and SeV18+/F (uPA) AM-GFP at a titer of lx 10 8 

10 GFP-CIU/mL or more. 

When reconstitution was similarly performed for 
SeV18 + /F (MMP#3 ) AM-GFP and SeV18 + /F (MMP#4 ) AM-GFP, no viral particles 
could be collected. In order to collect these viral particles, 
conditions for reconstitution must be further examined. Considering 

15 the fact that they could not be collected under the same conditions, 
there may be problems with the design of the F1/F2 cleavage sites 
(activation sites of F protein) in F (MMP#3) andF(MMP#4), which cause, 
for example, poor cleavage efficiency or weak activity of the cleaved 
F protein. On the other hand, since high titers of viral particles 

20 were collected with the design of F(MMP#2), this was considered to 
be a good design which shows good cleavage efficiency, and which does 
not affect the activity of the cleaved F protein. 

[Example 18] Preparation of in vivo samples of an M-deficient SeV 

25 vector having a modified F activation site: 

Various M-deficient SeV vectors for in vivo examinations were 
prepared by simple purification, wherein the viral particles were 
spun down by centrif ugation . LLC-MK2 /F7/M62-#33 was grown in a 6-well 
plate until nearly confluent, infected with AxCANCre (MOI= 5) , and 

30 then cultured at 32 °C for two days. These cells were infected with 

SeV18+/F(MMP#2) AM-GFP or SeV18+/AM-GFP at MOI= 0.5. Then, the cells 
were cultured for three days at 32 °C in serum-free MEM (1 mL/well) 
containing 7.5 jig/mL trypsin and 50 U/mL type IV collagenase for 
SeV18+/F(MMP#2) AM-GFP; and in serum-free MEM (1 mL/well) containing 
35 only 7.5 jxg/mL trypsin for SeV18+/AM-GFP . The supernatants were 
collected from the six wells and combined together, then centrifuged 



102 



at 2,190 xg for 15 minutes. The collected supernatants were passed 
through a filter with pores having an inside diameter of 0.45 jam, 
and then further centrifuged at 40, 000 xg for 30 minutes. The 
resulting pellet was suspended in 500 |iL of PBS to prepare purified 
5 virus solutions. The titer of the M-deficient SeV vectors prepared 
as described above was 1 . 3x 10 9 and 4.5x 10 9 GFP-CIU/mL for 
SeV18+/F(MMP#2) AM-GFP and SeV18+/AM-GFP, respectively. The F 
proteins in the viruses prepared in Examples 17 and 18 are cleaved, 
and the viruses have infectivity. Such SeVs are called F-cleaved SeV 
10 or infective SeV. Hereinafter, SeV18+/AM-GFP, 

SeV18+/F(MMP#2) AM-GFP, and SeV18+/F (uPA) AM-GFP are also abbreviated 
as SeV/AM-GFP, SeV/F (MMP#2 ) AM-GFP, and SeV/F (uPA) AM-GFP, 
respectively. 

15 [Example 19] Method for evaluating protease-dependent infection and 
cell fusogenic infection of F-modified, M-deficient SeV vectors: 

<1> Exogenous experiment: 

An infection procedure in which an extracellular protease is 
20 added to a cell line is called an exogenous experiment. The basic 
procedure of the exogenous experiment performed in the following 
Examples is described below. The use of different conditions is 
described in respective Examples. LLC-MK2 was cultured until 
confluence in a 96-well plate (5x 10 5 cells/well) . After washing twice 

25 with MEM, 50 )liL MEM containing SeV [F-cleaved form: lx 10 5 CIU/mL, 
or F-uncleaved form: lx 10 7 particles/mL (in HA units; see Example 

25)] was added and infected to the cells. Simultaneously, 50 jiL of 
protease-containing MEM was also added thereto, and the cells were 
cultured at 37 °C. Four days later, the spread of the infection was 
30 observed under a fluorescent microscope. The number of cells 
expressing GFP per cells in 1 mm 2 was counted. The proteases to be 
used were purchased from ICN Biomedicals Inc. for collagenase (type 
IV collagenase) , andMMP-2 (active MMP-2 ) , MMP-3, MMP-7, MMP-9 (active 
MMP-9), and plasmin were purchased from COSMO BIO Co. ltd. 

35 



<2> Endogenous experiment: 
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An infection procedure achieved by intracellularly expressed 
protease without extracellular addition of protease is called an 
endogenous experiment. The basic procedure of the endogenous 
experiment performed in the following Examples is described below. 
5 The use of different conditions is described in respective Examples. 
Respective cancer cells were cultured in a 96-well plate until 
confluence (5x 10 5 cells/well) . After washing twice with MEM, 50 |uL 
MEM containing SeV [F-cleaved form: lx 10 5 CIU/mL or F-uncleaved form: 
lx 10 7 HAU/mL (see Example 25)] was added and infected to the cells. 
10 Simultaneously, FBS was added to the medium at a final concentration 
of 1%. Four days later, the spread of the infection was observed under 
a fluorescent microscope . The number of cells expressing GFP per cells 
in 1 mm 2 was counted. 

15 [Example 20] Protease-dependent cell fusogenic infection by an 
F-modified M-deficient Sendai viral vector (Exogenous experiment) : 
Using LLC-MK2 cells that hardly express proteases, modification 
of F was confirmed and assayed by the above-mentioned exogenous 
experiment to determine whether it causes protease-dependent cell 

20 fusogenic infection (Fig. 32) . Three types of M-deficient SeVs (as 
in Example 17), SeV/AM-GFP, SeV/F (MMP#2 ) AM-GFP, and SeV/F (uPA) AM-GFP, 
were infected to cells. Simultaneously, 0.1 jug/mL each of type IV 
collagenase {Clostridium histolyticum) , active MMP-2, active MMP- 9, 
or uPA, or 7 . 5 jug/mL trypsin was added thereto . Four days later, cells 

25 were observed under a fluorescence microscope. Only in LLC-MK2 to 
which trypsin was added, SeV/AM-GFP with unmodified F caused cell 
fusion of the infected cells with their surrounding cells, resulting 
in cell fusogenic infection and multinuclear cell (syncytia) 
formation (Fig. 32L) . SeV/F (MMP#2 ) AM-GFP inserted with an MMP 

30 degradation sequence into the F protein gene showed cell fusogenic 
infection of LLC-MK2 to which collagenase, active MMP-2, and active 
MMP— 9 hade been added, resulting in formation of syncytia (Fig. 32E, 
32F, and 32M) . On the other hand, SeV/F (uPA) AM-GFP inserted with 
urokinase-type plasminogen activator (uPA) and tissue-type PA (tPA) 

35 degradation sequences into the F protein showed cell fusogenic 
infection in the presence of trypsin, and, upon further modification 
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of the F protein, showed the formation of syncytia, multinuclear cells, 
in the presence of uPA (Fig. 32Q and 32R) . These results indicate 
that, due to the incorporation of each of the protease degradation 
substrate sequences into the F protein, an M-deficient SeV causes 
5 degradation substrate sequence-dependent cell fusogenic infection 
and spread to contacting cells. 

[Example 21] MMP expression-specific cell fusogenic infection of 
cancer cell lines (Endogenous experiment) : 

10 Using the SeV prepared in Example 17, an endogenous experiment 

was performed to determine whether or not endogenous protease 
selective cell fusogenic infection occurs. An MMP-expressing cancer 
cell line, HT1080 (human fibroblastic sarcoma) (Morodomi, T. etal., 
Biochem. J. 285 (Pt 2), 603-611, 1992), a tPA-expressing cell line, 

15 MKN28 (human gastric cancer cell line) (Koshikawa, N. et al., Cancer 
Res. 52, 5046-5053, 1992), and a cell line expressing neither protease, 
SW620 (human colon cancer line), were used. MKN28 was provided from 
Riken Institute of Physical and Chemical Research (Cell No. RCB1000) , 
while HT1080 (ATCCNo. CCL-121) and SW620 (ATCCNo. CCL-227), as well 

20 as SW480 (ATCCNo. CCL-228), WiDr (ATCCNo. CCL-218), and Panc-1 (ATCC 
No. CRL-14 69) that were used in the following Examples were provided 
from American type culture collection (ATCC) . The media used at the 
respective institutions that handed out the cells were used in the 
experiment. In addition, FBS was added to all of the media at a final 

25 concentration of 1% . As shown in Fig . 33, in MMP-expressing cell line, 
HT1080, only the infection with SeV/F (MMP#2 ) AM-GFP spread ten times 
or more. Furthermore, in tPA-expressing cell line, MKN28, cell 
fusogenic infection spread with only SeV/F (uPA) AM-GFP . In SW620, 
which expresses neither protease, no spreading of infection was 

30 observed at all. 

[Example 22] Cell fusogenic infection due to MMP induction by phorbol 
ester : 

MMP is reported to be induced in vivo in cancer cells due to 
35 the growth factors and such existing around the cells . This phenomenon 
can be reproduced in vitro using a phorbol ester, phorbol 12-myristate 
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13-acetate (PMA) . To investigate infection that occurs under 
reproduced conditions in which MMP expression is induced, Panel, a 
pancreatic cancer cell line known to activate MMP-2 and induce MMP-9 
via PMA, was used to examine the presence or absence of cell fusogenic 
5 infection by F-modified M-def icient SeV vector (Zervos, E.E. et al., 
J. Surg. Res. 84, 162-167, 1999) . Panel and other cancer cell lines 
were cultured in a 96-well plate until confluence (5x 10 5 cells/well) . 
The endogenous experiment was performed using SeV prepared in Example 
17. After washing twice with MEM, 50 \xL MEM containing lx 10 5 CIU/mL 

10 SeV was added for infection (at MOI= 0.01) . The same amount (50 ^iL) 
of MEM containing 40 nM phorbol 12-myristate 13-acetate (Sigma) was 
added thereto. Simultaneously, FBS was added to the medium at a final 
concentration of 1%. 

The induced expression of MMP-2 and MMP-9 was confirmed by 

15 gelatin zymography in which the portion where gelatinolytic activity 
exists becomes clear (Johansson, S., and Smedsrod, B., J. Biol. Chem. 
261, 4363-4366, 1986). Specifically, the supernatant of each culture 
was collected and dissolved in a sample buffer. This was mixed with 
acrylamide to a final concentration of 1 mg/mL gelatin to prepare 

20 an 8% acrylamide gel. After SDS polyacrylamide gel electrophoresis, 
the gel was washed with 10 mM Tris (pH 8.0) and 2.5% Triton X-100, 
incubated in gelatinase activation buffer (50 mM Tris, 0 . 5 mM CaCl 2 , 
10" 6 M ZnCl 2 ) at 37°C for one day, and stained with 1% Coomassie Blue 
R-250, 5% acetic acid, and 10% methanol (top panel of Fig. 34) . "C" 

25 represents the control, and W T" the supernatant of a sample induced 
by 20 nM PMA. This panel shows that MMP-9 is induced in HT1080 and 
Pane I. Latent MMP-2 has been detected before induction in Pane I. 
However, this latent form is known to have hardly any gelatinolytic 
activity. As shown in Fig. 34 (lower panel), Pane I infected with 

30 SeV/F (MMP#2 ) AM-GFP indicated cell fusogenic infection by MMP 
induction . 

[Example 23] Spread of infection with SeV/F (MMP#2) AM-GFP in an HT1080 
cell line in vivo: . 
35 HT1080 carcinoma-bearing nude mice were produced. 5x 10 6 cells 

of a human f ibroblastoma cell line, HT1080, (50 jiL of lx 10 8 cells/mL) , 
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were injected subcutaneously to the right dorsal skin of BALB/c nude 
mice (Charles River) . Seven to nine days later, animals having a tumor 
with a diameter of more than 3 mm were used. The volume of the carcinoma, 
its shape presumed to be elliptical, was 30 to 100 mm 3 . Fifty |iL of 
5 the following F-cleaved SeV was injected once to the carcinoma: MEM 
(control) (N= 5); MEM containing SeV-GFP (lx 10 8 CIU/mL) (N= 5); MEM 
containing SeV/AM-GFP (lx 10 8 CIU/mL) (N= 7); and MEM containing 
SeV/F (MMP#2 ) AM-GFP (lx 10 8 CIU/mL) (N= 7). Two days later, the 
carcinomas were observed under a fluorescence microscope (Fig. 35) . 

10 Fluorescence is observed only in the area around the injected site 
for SeV-GFP and SeV/AM-GFP (Fig. 35E and 35H) . In contrast, for 
SeV/F (MMP#2 ) AM-GFP, fluorescence was observed to spread throughout 
the entire carcinoma (Fig. 35K) . Enlarged images show fluorescence 
from individual cells for SeV-GFP and SeV/AM-GFP, whereas, for 

15 SeV/F (MMP#2) AM-GFP, the shape of the cells is unclear, suggesting 
fusion of the cells. Furthermore, the area of the entire carcinoma 
and the area of GFP expression in the above pictures were determined 
by NIH image. The proportions of the GFP expression region in the 
entire cancer were 10% for SeV-GFP and 20% for SeV/AM-GFP, and, in 

20 contrast, 90% for SeV/F (MMP#2 ) AM-GFP, clearly indicating the spread 
of infection (Fig. 36) . In tissues other than cancer tissues, cell 
f usogenic infection was hardly observed in the fascia and subcutaneous 
connective tissues existing at the border to the cancer cells. Thus, 
under these conditions, infection was determined not to spread to 

25 normal tissues other than cancer tissues. 

[Example 24] Anti- tumor effect of an F-modif ied M-def icient SeV vector 
on carcinoma-bearing nude mice: 

HT1080 tumor-bearing mice were produced in the same manner as 
30 described in Fig. 35. Eight or nine days later, animals having a tumor 

with a diameter of more than 3 mm were selected, and 50 jiL of the 
following four kinds of F-cleaved SeV were injected to the cancerous 
site: MEM (N= 5); MEM containing SeV-GFP (lx 10 8 CIU/mL) (N= 5); MEM 
containing SeV/AM-GFP (lx 10 8 CIU/mL) (N= 7); and MEM containing 
35 SeV/F(MMP#2) AM-GFP (lx 10 8 CIU/mL) (N= 7). Two days later, equal 
amounts of SeV were injected again to the cancerous site. The lengths 
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of the long axis (a) , short axis (b) , and thickness (c) of the cancerous 
site was measured every other day. Assuming the carcinoma is an 
ellipsoid, the carcinoma volume V was calculated as V= tt/6 x abc. The 
carcinoma to which PBS, SeV-GFP, and SeV/AM-GFP were administered, 
5 respectively, enlarged rapidly. In contrast, 

SeV/F (MMP#2) AM-GFP-administered carcinoma, in which the vector had 
spread throughout the carcinoma as shown in Fig. 37, clearly indicated 
no proliferation and remained small. Analysis of significant 
difference by t-test showed that it is significantly smaller compared 
10 to the other three groups at P< 0.05. This indicates that the vector 
has anticancer effect even without therapeutic genes. 

[Example 25] Production and selective infection of an 
F-uncleaved/F-modif ied M-deficient SeV vector: 

15 In the production procedure of the SeV vector used above, culture 

was performed in a medium containing a high concentration (7.5 |ag/mL) 
of trypsin and 50 U/mL collagenase to induce the cleavage of F, and 
the F-cleaved vector was collected (see Examples 17 and 18) . In the 
present Example, to accomplish protease-dependent selection during 

20 infection, an F-uncleaved SeV was produced by collecting SeV without 
adding proteases during production. 

Specifically, LLC-MK2/F7/M62/A cells were cultured in a 10 -cm 
dish until confluence. Each of the F-modif ied M-deficient SeVs 
prepared in Example 17 were infected to cells (MOI= 5) . One hour later, 

25 the supernatant was removed and washed twice with MEM medium. 4 mL 
MEM was added to the cells and then cultured at 32 °C. Five days later, 
the supernatant was collected, and bovine serum albumin (BSA) was 
added to a final concentration of 1%. After measuring the HAU titer, 
the supernatant was stored at -70 °C until use. Each of the F-modif ied 

30 M-deficient SeVs were collected in the range of 2 7 to 2 10 HAU/mL (1 
HAU= lx 10 6 viral particles/mL, and therefore this corresponds to lx 
10 8 to lx 10 9 particles/mL) and were adjusted to lx 10 8 particles/mL 
by dilution. 

The results of this exogenous experiment confirmed the 
35 production of vectors that infect LLC-MK2 in MMP-dependent and uPA- 
or tPA-dependent manners by SeV/F (MMP#2 ) AM-GFP and SeV/F (uPA) AM-GFP, 
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respectively (the data of exogenous proteases are not shown) . In 
addition, whether selective infection due to protease expression is 
possible in MMP-expressing HT1080 strain, tPA-expressing MKN28 strain, 
and SW620 which hardly expresses the proteases, was tested by 
5 endogenous experiments (Fig. 38). SeV/F (MMP#2 ) AM-GFP infects to 
MMP-expressing HT1080 strain, but not to tPA-expressing MKN28 strain. 

SeV/F (uPA) AM-GFP infects to tPA-expressing MKN28 strain but not to 
MMP-expressing HT1080 strain. As shown above, each of the SeVs showed 
selective infection in a protease-dependent manner. 

10 

[Example 26] F-modified M-deficient SeV vector infection due to MMP-3 
and MMP-7 induction via human fibroblasts: 

SW480 and WiDr were shown to induce MMP-3 and MMP-7 , respectively, 
through co-culture with fibroblasts or in vivo culture (Kataoka, H. 

15 et al., Oncol. Res. 9, 101-109, 1997; Mc Donnell, S. et al., Clin. 
Exp. Metastasis. 17, 341-349, 1999). These cells were used to 
investigate whether infection of F-modified M-deficient SeV vector 
changes in vivo. Each cancer cell line was cultured in a 96-well plate 
until confluence (5x 10 4 cells/well) . After washing twice with MEM, 

20 50 nL MEM containing 1 HAU/mL (1 HAU= lx 10 6 viral particles/mL, and 
thus, corresponding to lx 10 6 particles/mL) of F-uncleaved SeV, was 
added for infection. Normal human lung fibroblasts (TAKARA) were 
added at a concentration of 5x 10 4 cells/well to the cells and cultured 
for four days at 37°C (Fig. 39). SW480 and WiDr were infected by 

25 SeV/F(MMP#2) AM-GFP, through co-culturing with human fibroblasts. 
Such a phenomenon is not observed in SW620, which is not inducible. 

[Example 27] MMP-selective infection of an F-modified M-deficient 
SeV vector to human aortic smooth muscle cells: 

30 Aberrant expression of MMP has been reported in arteriosclerosis, 

rheumatoid arthritis, wound healing, in addition to cancer (Galis, 
Z.S., andKhatri, J.J., Circ. Res. 90, 251-262, 2002; Martel-Pelletier , 
J. et al., Best Pract. Res. Clin. Rheumatol. 15, 805-829, 2001). 

To demonstrate the applicability of F-modified M-deleted SeV 

35 vectors to these diseases, MMP-selective infection of the vectors 
to human aortic smooth muscle cells was directed. Human smooth muscle 
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cells (TAKARA) were cultured in a 96-well plate until confluence (5x 
10 5 cells/well) . After washing twice with MEM, 50 jiL MEM containing 
SeV (F-uncleaved form: 1 HAU/mL (lx 10 6 particles/mL) ) was added to 
the cells for infection. The equal amount (50 \xL) of 
5 protease-containing MEM was added thereto and cultured for four days 
at 37°C. The number of cells expressing GFP per cells in 1 mm 2 was 
counted (Fig. 40) . Infection of SeV/AM-GFP was enhanced only by the 
addition of trypsin, whereas infection of SeV/F (MMP#2 ) AM-GFP was 
enhanced by the addition of collagenase, MMP-2, MMP-3, and MMP-9. 

10 

[Example 28] Protease-dependent cleavage of the F protein in 
F-modified M-deficient SeV vectors: 

As shown in Example 20, by incorporating each of the protease 
degradation sequences into the F protein, F-modified M-def icient SeV 

15 vector showed cell fusogenic infection dependent on those degradation 
sequences. Furthermore, whether cleavage of F0 occurs in a 
protease-dependent manner after modification was confirmed by Western 
blotting. Sampling of viruses was performed by the following method. 
Three types of viral particles, SeV/AM, SeV/F (MMP#2 ) AM, and 

20 SeV/F (uPA) AM, were infected at MOI= 3 to M protein-induced helper 
cells. Two days after infection, the supernatants were collected and 
centrifuged at 18,500 xg for three hours, and the precipitates were 
resuspended in PBS. To each of the virus suspensions, proteases were 

added at final concentrations of 7.5 |Lig/mL for trypsin, 0.1 ng/mL 
25 for MMP-9, and 0.1 ng/mL for uPA and incubated at 37 °C for 30 minutes. 
Sample buffer was added to each mixture to prepare SDS-PAGE s.amples. 
SDS-PAGE and Western blotting were performed according to standard 
methods (Kido, H. et al. "Isolation and characterization of a novel 
trypsin-like protease found in rat bronchiolar epithelial Clara cells 
30 A possible activator of the viral fusion glycoprotein . " J Biol Chem 
267 , 13573-13579, 1992) . Rabbit anti-Fl antibody was obtained as 
antiserum by immunization of a mixture of three synthetic peptides 
(FFGAVIGT+Cys : 117-124, EAREAKRDIALIK : 143-155, and CGTGRRPISQDRS : 
401-413; which are SEQ ID NOs : 46, 47, and 48, respectively) . 
35 HRP-labeled anti-rabbit IgG antibody (ICN, Aurola, OH) was used as 
the secondary antibody, and chemical fluorescence method (ECL Western 
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blotting detection reagents; Amersham Biosciences, Uppsala, Sweden) 
was used for detecting developed colors. Fig. 41 shows the results 
of treatment with an M-def icient SeV vector comprising unmodified 
F (1, 4, 7, and 10), an M-deficient SeV vector inserted with MMP#2 
5 sequence into F (2, 5, 8, and 11), and an M-def icient SeV vector inserted 
with uPA sequence into F (3, 6, 9, and 12) with the above-mentioned 
proteases at 37 °C for 30 minutes. 

As shown in Fig. 41, cleavage of Fl occurred, according to the 
respective inserted protease substrates, i.e., in the presence of 

10 trypsin for the M-deficient SeV vector with unmodified F, in the 
presence of MMP for the M-deficient SeV vector inserted with MMP#2 
sequence into F, and in the presence of uPA for the M-deficient SeV 
vector inserted with uPA into F. Although not shown herein, for the 
M-deficient SeV vector into which uPA sequence is inserted, cleavage 

15 of Fl was observed in the presence of trypsin when the degradation 
time was prolonged to four hours. This agrees well with the results 
of Example 20, and indicates that syncytium formation occurs in an 
F cleavage-dependent manner. 
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[Example 29] Increase of fusibility by cytoplasmic domain-deletion 
of the F protein: 

Infiltration of the paramyxovirus to the host is accomplished 
by the fusion of the viral membrane and the host cell membrane. In 
5 this infiltration mechanism, the HN protein of the Sendai virus binds 
to the sialic acid of the host, and the F protein causes cell membrane 
fusion. During this step, the conformational change of the F protein 
resulting from the binding of HN has been suggested to be important 
(Russell, C.J., Jardetzky, T.S. and Lamb, R.A., "Membrane fusion 

10 machines of paramyxoviruses: capture of intermediates of fusion." 
EMBO J. 20, 4024-34, 2001). Therefore, most of the F proteins of 
paramyxoviruses do not show fusogenicity of cells when they are 
expressed alone on cells. Only cells that simultaneously express the 
HN protein have f usiogenicity . The deletion of cytoplasmic domains 

15 within the F and HN proteins in a paramyxovirus is known to increase 
its fusiogenicity (Cathomen, T., Nairn, H.Y. andCattaneo, R., "Measles 
viruses with altered envelope protein cytoplasmic tails gain cell 
fusion competence." J. Virol. 72, 1224-34, 1998). To determine which 
deletion mutant of the cytoplasmic domain of the F protein in Sendai 

20 virus causes the largest increase in fusogenicity, deletion mutants 
were prepared and inserted into pCAGGS expression vector (Niwa, H. 
et al., Gene 108, 193-199, 1991). An HN-carrying pCAGGS was 
co-transf ected and the resulting fusogenicity was confirmed from the 
number of formed syncytia. 

25 PCR was performed on each of the mutant genes, in which the 

cytoplasmic domain of F had been deleted, using the primers as shown 
below, the resulting fragments were treated with Xhol and NotI, and 
then ligated to the pCAGGS vector. Primers used for PCR were as 
follows : 

30 Fct27 primers (5' -CCGCTCGAGCATGACAGCATATATCCAGAGA-3' /SEQ ID NO: 49, 
and 5' -ATAGTTTAGCGGCCGCTCATCTGATCTTCGGCTCTAATGT-3' /SEQ ID NO: 50); 
Fctl4 primers (5' -CCGCTCGAGCATGACAGCATATATCCAGAGA-3' /SEQ ID NO: 51, 
and 5' -ATAGTTTAGCGGCCGCTCACCTTCTGAGTCTATAAAGCAC-3' /SEQ ID NO: 52); 
and 

35 Fct4 primers (5' -CCGCTCGAGCATGACAGCATATATCCAGAGA-3' /SEQ ID NO: 53, 
and 5' -ATAGTTTAGCGGCCGCTCACCTTCTGAGTCTATAAAGCAC-3' /SEQ ID NO: 54) 
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(Kobayashi M. et al. f J. Viol., 77, 2607, 2003). 

To measure cell f usogenicity, LLC-MK2 or HT1080 cells were 
plated onto a 24-well plate to reach confluence. 3 jaL Fugene 6 was 
mixed with 50 \xL Opti-MEM. 2 jig of each pCAGGS expression plasmid 
5 was mixed with an equal amount of pCAGGS/EGFP, and then added to the 
mixture of Opti-MEM and Fugene 6. After standing at room temperature 
for 15 minutes, this mixture was added to the 24-well plate in which 
the media was replaced with 500 MEM medium. After culturing at 
37 °C under 5% CO2 for three hours, the medium was replaced with MEM 

10 containing 1% FBS for HT1080, and MEM containing 7.5 ^ig/mL trypsin 
or a predetermined concentration of type IV collagenase (Clostridium) 
for LLC-MK2. After culturing for 48 hours, the number of fused 
syncytia per xlOO visual field (0.3 cm 2 ) of an inverted microscope 
was counted. Alternatively, the cultured cells were fixed in 4% 

15 paraformaldehyde for two hours, transferred to 70% ethanol and then 
to distilled water, stained for five minutes with hematoxylin, and 
washed with water to count the number of syncytium-f orming nuclei 
in every 0.3 cm 2 . 

Three kinds of amino acid sequences of the F protein in which 

20 the cytoplasmic domain has been deleted are shown in Fig. 42(A) , and 
their fusion activities are shown in Fig. 42 (B) . As indicated in 
Fig. 42(B), cells in which only the F protein were expressed did not 
fuse, but co-transf ection of HN induced f usogenicity . Furthermore, 
the F protein (Fctl4) having a sequence in which 28 amino acids were 

25 deleted so that the cytoplasmic domain becomes 14 amino acids was 
found to show the highest f usogenicity . 

[Example 30] Drastic increases in fusogenicity caused by the F/HN 
chimeric protein: 

30 The envelope proteins of the paramyxovirus, the F and HN proteins 

form a trimer and a tetramer, respectively, on the cell membrane, 
and are known to interact with each other through their ectodomains 
and M protein (Plemper, R.K., Hammond, A.L. and Cattaneo, R. , "Measles 
virus envelope glycoproteins hetero-oligomerize in the endoplasmic 

35 reticulum. " J. Biol. Chem. 276, 44239-22346, 2001) . As shown in Fig. 
42, the F protein alone does not show fusogenicity, and the HN protein 
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is essential for its f usogenicity . Therefore, a chimeric protein 
comprising the F and HN proteins was produced to produce vectors having 
enhanced fusogenicity by simultaneously expressing the F and HN 
proteins as a fusion protein on the same cell membrane. The F protein 
5 is a type II membrane protein and HN is a type I membrane protein. 
Therefore, as shown in Fig. 43(A), the chimeric protein (Fctl4/HN) 
was prepared to form a U-shape on the cell membrane and comprise two 
transmembrane domains. Fctl4 showing high fusogenicity was used as 
the F protein. A linker sequence consisting of 50 amino acids was 

10 inserted between the two proteins (Fct 14 /Linker/HN) . According to 
database searches at present, this linker sequence does not show 
homology to any protein. (A non-sense sequence synthesized by 
inverting from the N-terminus to C-terminus of the amino acid sequence 
of the cytoplasmic domain of env of simian immunodeficiency virus 

15 (SIVagm) was used.) 

The method for producing the expression plasmid of the F/HN 
chimeric protein gene is specifically described below. The F/HN 
chimeric protein gene was inserted into the pCAGGS vector. PCRs were 
performed on the F gene and the HN gene, respectively, and the obtained 

20 two fragments were ligated to pCAGGS . During this step, a 150-bp 
linker gene (50 amino acids) was inserted or nothing was inserted 
between the F/HN genes. The sequences of the primers utilized are 
shown below: F gene primers (F-F: 

5' -ATCCGAATTCAGTTCAATGACAGCATATATCCAGAG-3' /SEQ ID NO: 55 and 
25 Fctl4-R: 5' -ATCCGCGGCCGCCGGTCATCTGGATTACCCATTAGC-3' /SEQ ID NO: 56) ; 
Linker/HN gene primers (Linker-HN-F: 

5 ' -ATCCGCGGCCGCAATCGAGGGAAGGTGGTCTGAGTTAAAAATCAGGAGCAACGACGGAGGT 

GAAGGACCAGAGGACGCCAACGACCCACGGGGAAAGGGGTGAACACATCCATATCCAGCCATCT 

CTACCTGTTTATGGACAGAGGGTTAGG-3' /SEQ ID NO: 57) 
30 and HN-R: 5' -ATCCGCGGCCGCTTAAGACTCGGCCTTGCATAA-3' /SEQ ID NO: 58); 

and HN gene primers (5' -ATCCGCGGCCGCAATGGATGGTGATAGGGGCA-3' /SEQ ID 

NO: 59 and 5' -ATCCGCGGCCGCTTAAGACTCGGCCTTGCA-3' /SEQ ID NO: 60). 

As shown in Fig. 43(B) , although a chimeric protein without the 

linker sequence shows low fusogenicity, insertion of a linker 
35 drastically increases the fusion activity to approximately five times 

to that obtained by co-transf ection of the F and HN proteins. 
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[Example 31] Maintenance of the function of fusogenicity and substrate 
specificity: 

In order to acquire fusogenicity, the F protein not only has 
5 to be expressed simultaneously with the HN protein, but also has to 
be cleaved into two subunits (Fl and F2) by a protease. In Figs. 42 
and 43, the fusogenicity is measured in the presence of trypsin, and 
the fusogenicity is completely absent under conditions without 
trypsin. The cleavage sequence of the F protein was modified in the 

10 Fct 14 /Linker /HN chimeric protein shown in Fig. 43 so that it acquires 
fusogenicity in an MMP-dependent manner. Many degradation substrate 
sequences of MMP have been reported. Among them, eight kinds of 
sequences were modified. The amino acid sequence of the cleavage site 
was modified as shown in Fig. 44 (A) using QuickChange™ Site-Directed 

15 Mutagenesis Kit (Stratagene, La Jolla, CA) . The sequence of the fusion 
peptide after cleavage by a protease was considered in the modification. 
The N-terminal region of Fl of the paramyxoviral F protein, which 
is called the fusion peptide, is reported to be important for its 
fusion activity, and fusogenicity of the F protein is sometimes lost 

20 by the mutation of amino acids in that region (Bagai, S. and Lamb, 
R.A., "A glycine to alanine substitution in the paramyxoviral SV5 
fusion peptide increases the initial rate of fusion. " Virology 238, 
283-90, 1997) . Therefore, the sequence of the N-terminal region of 
Fl whose importance has been indicated was left untouched. In that 

25 case as well, when inserting the general six-residue sequence known 
as a degradation substrate of MMP, the design of Fl after degradation 
by MMP involved addition of three residues to the N-terminus. This 
indicates that the addition may allow degradation by MMP, but may 
affect the fusogenicity of the F protein. Thus, in designing an F 

30 protein that undergoes MMP-dependent cleavage for activation, 
following two points must be taken into account: (1) substrate 
specificity by MMP; and (2) maintenance of fusogenicity of the F 
protein after cleavage. 

MMP#1 is most well-known sequence as a synthetic substrate of 

35 MPP. This sequence is also used for targeting other MMPs . MMP#3 and 
MMP#8 are also commercially available sequences as synthetic 
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substrates. The sequence of the degradation substrate, PLGMWS, of 
MMP-2 and MMP-9 were modified to PLGMTS and PQGMTS (SEQ ID NOs : 61 
and 62, respectively) as MMP#2 and MMP#6, respectively, according 
to the consensus sequence, Pro-X-X-Hy- (Ser/Thr ) for MMP-9 which was 
5 revealed by phage display. MMP#5 was constructed as PQGLYA (SEQ ID 
NO: 63) according to the report by Shneider et al. (American Society 
of Gene therapy, Annual meeting No. 1163, 2002, Boston). In MMP#4, 
the sequence of the fusion peptide after degradation is not modified. 
The sequence of MMP#7 was found by a phage display method for MMP-2. 

10 The details of the preparation of expression plasmids that have 

a modified F activation site in the F/HN fusion gene are shown below. 
After constructing the F/HN fusion gene, mutagenesis of the activation 
site of the F protein was performed on pBluescript F/HN. To introduce 
mutation, QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, La 

15 Jolla, CA) was used according to the method described in the kit. 
The sequences of synthetic oligos used for the mutagenesis were as 
follows : 
F(MMP#1) : 

( 5 ' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCCtGggGtt ATTCTTCGGT 
20 GCTGTGATTGGTACTATCG-3' /SEQ ID NO: 64, and 

5' -CGATAGTACCAATCACAGCACCGAAGAATaa 

CccCaGGccAagAggGGCATTTTGTGTCGTATCATTGGTGACAG-3' / SEQ ID NO: 65); 
F(MMP#2) : 

( 5 ' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCatGaCGAGtTTCTTCGGTGCTG 
25 TGATTGGTACTATC-3' /SEQ ID NO: 32, and 

5 ' -GATAGTACCAATCACAGCACCGAAGAAaCTCGtCatGccAagAggGGCATTTTGTGTCGTA 
TCATTGGTGACAG-3' /SEQ ID NO: 33); 
F(MMP#3) : 

( 5 ' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCCtGggGt t ATTCTTCGGTGCTG 
30 TGATTGGTACTATCG-3' /SEQ ID NO: 34, and 

5 ' -CGATAGTACCAATCACAGCACCGAAGAATaaCccCaGGccAagAggGGCATTTTGTGTCGT 
ATCATTGGTGACAG-3' /SEQ ID NO: 35); 
F(MMP#4) : 

(5' -CAAAATGCCGGTGCTCCCCcGTtGgGATTCTTCGGTGCTGTGATT-33' /SEQ ID NO: 
35 36, and 5' -AATCACAGCACCGAAGAATCcCaACgGGGGAGCACCGGCATTTTG-3' /SEQ ID 
NO: 37); 
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F(MMP#5) : 

(5' -CTGTCACCAATGATACGACACAAAATGCCccTcagggCttGtatgctTTCTTCGGTGCTG 
TGATTGGTACTATC-3' /SEQ ID NO: 66, and 

5 ' -GATAGTACCAATCACAGCACCGAAGAAagcataCaaGccctgAggGGCATTTTGTGTCGTA 
5 TCATTGGTGACAG-3' /SEQ ID NO: 67); 
F(MMP#6) : 

(5' -CTGTCACCAATGATACGACACAAAATGCCccTcaaggCatGaCGAGtTTCTTCGGTGCTG 
TGATTGGTACTATC-33' / SEQ ID NO : 68, and 5' -GATAGTACCAATCACAGCACCGAAGAA 
aCTCGtCatGccttgAggGGCATTTTGTGTCGTATCATTGGTGACAG-3' /SEQ ID NO: 69) ; 

10 F(MMP#7): (5'- 
CTGTCACCAATGATACGACACAAAATGCCctTgcTtaCtataCGgctTTCTTCGGTGCTGTGAT 
TGGTACTATC-3' /SEQ ID NO: 70, and 

5 ' -GATAGTACCAATCACAGCACCGAAGAAagcCGtataGtaAgcAagGGCATTTTGTGTCGTA 
TCATTGGTGACAG-3' /SEQ ID NO: 71); and 

15 F(MMP#8) : 

( 5 ' -CTGTCACCAATGATACGACACAAAATGCCccTctTggCttGgCGAGaTTCTTCGGTGCTG 
TGATTGGTACTATC-3' /SEQ ID NO: 72, and 

5 ' -GATAGTACCAATCACAGCACCGAAGAAtCTCGcCaaGccAagAggGGCATTTTGTGTCGTA 
TCATTGGTGACAG-3' /SEQ ID NO: 73). 
20 The lower case letters indicates the mutated nucleotides. 

After modification, the sequences were cut out with EcoRI and ligated 
to pCAGGS. 

Each of the vectors comprising the respective sequences and a 
vector comprising the EGFP gene (pCAGGS/EGFP) were mixed at equal 

25 amounts, and the mixture was transfected to HT1080 that highly express 
MMP. As a result, only when the genes of the sequences of MMP#2 and 
MMP#6 had been introduced, cell fusion occurred, and syncytia were 
formed (Fig. 4 (B) ) . These sequences are in common that an Hy-S/T-S/T 
sequence (MTS) is added to the N-terminus of the Fl protein after 

30 cleavage with the protease . Therefore, the addition of the Hy-S/T-S/T 
sequence (particularly MTS sequence) was considered to very likely 
fulfill the requirements (1) cleavage of the F protein by 
HT1080-derived MMP, and (2) maintenance of fusogenicity of the F 
protein after cleavage. On the other hand, no cell fusion was observed 

35 for MMP#1, MMP#3, MMP#4, MMP#5, MMP#7, and MMP#8 at all. Since all 
the sequences, with the exception of MMP#4, are derived from synthetic 
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substrates of MMP and are expected to be cleaved by proteases, the 
peptide of three amino acids added to Fl was suggested to limit the 
activity of the cleaved F protein. Regarding MMP#4, under this 
condition, it is highly unlikely that the cleavage itself does not 
5 take place. While the data is not shown, this is obvious from the 
fact that syncytium formation is observed with MMP#4 due to induction 
of MMP by the phorbol ester in HT1080. 

Furthermore, in addition to the comparison of the fusogenicity 
of the sequences of MMP#2 and MMP#6, the MMP concentration-dependent 

10 cell fusogenicity of a sequence in which the 7th and 12th residues 
from the N-terminus of the fusion peptide sequence of #6 were modified 
from G to A was measured (Fig. 45) . The sequences of synthetic oligos 
used for mutagenesis of this F/HN fusion gene were as follows: 
5' -CTTCGGTGCTGTGATTGcTACTATCGCACTTGcAGTGGCGACATCAGCAC-3 ' (SEQ ID 

15 NO: 74) 

and 5 ' -GTGCTGATGTCGCCACTgCAAGTGCGATAGTAgCAATCACAGCACCGAAG-3' (SEQ 
ID NO: 75) . The lower case letters indicate the mutated nucleotides. 
Preparation of expression plasmids was performed similarly as 
described above by, after mutagenesis, cutting out the sequence with 

2 0 EcoRI and then ligating to pCAGGS . 

As a result, MMP#6 was found to have two to three times higher 
fusogenicity compared to MMP#2. Importantly, MMP#6 induces cell 
fusion even under low protease concentration conditions. Namely, 
accomplishes activation of the F protein at low concentrations. 

25 However, when a mutation from G to A, which has been reported as a 
mutation increasing the fusogenicity of the F protein ( Peisa j ovich, 
S.G., Epand, R.F., Epand, R.M. and Shai, Y., "Sendai viral N-terminal 
fusion peptide consists of two similar repeats, both of which 
contribute to membrane fusion. " Eur. J. Biochem. 269, 4342-50, 2002) 

30 was further introduced (#6G12A) , the fusogenicity decreased to 1/10 
or less. These results revealed that, by simply inserting a protease 
cleavage sequence to modify the tropism by a protease, the activity 
of the F protein cannot be maintained and causes loss of fusogenicity 
in most cases. When constructing a virus by introducing an objective 

35 degradation sequence, the fusogenicity can be confirmed using this 
system. In addition, since a significant fusion activity is exhibited 
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by the Fctl4 /Linker/HN alone carried on pCAGGS, transfection of this 
plasmid is predicted to have antitumor effects. Moreover, by 
introducing this chimeric protein into the M-deficient Sendai virus, 
further increase of antitumor effects is expected. 

5 

[Example 32] Construction of an improved F-modified M-deficient SeV 
genomic cDNA with increased f usogenicity : 

Examples 29 and 30 showed increases in fusogenicity through the 
modification of the F protein carried on the pCAGGS vector. Through 

10 similar modification of the M-deficient Sendai viral vector, 
preparation of an improved F-modified AM SeV, in which fusogenicity 
is increased, was expected. Gene construction of the improved 
F-modified M-deficient SeV genomic cDNA was performed by the method 
as described below. SeV/F (MMP#6) AM-GFP was constructed according to 

15 the same method as in Example 16.' Mutation of the F gene was performed 
on LITMUSSall/Nhelf rgAM-GFP using the oligonucleotide of SEQ ID NO: 
69, and QuikChange™ Site-Directed Mutagenesis Kit (Stratagene, La 
Jolla, CA) according to the method described in the kit. The cDNA 
of SeV/F(MMP#6) AM-GFP was constructed by ligating a Sail and 

20 Afoel-digested fragment of the mutated LITMUSSall/Nhelf rgAM-GFP and 
a fragment comprising the NP gene (obtained by Sail and Nhel digestion 
of the F-deficient Sendai viral full-length genomic cDNA carrying 
the EGFP gene at the F-deleted site (pSeV+18/F-GFP; Li, H et al. 9 
J. Viol. 74, 6564-6569, 2000; WO00/70070) ) (Fig. 46). Multicloning 

25 site Sendai viral cDNA (referred to as'pSeV(TDK) ) (JP-A 2002-272465) 
was used as the basic framework for the construction of M-deficient 
Sendai virus in which 28 amino acids of the cytoplasmic domain of 
the F protein were deleted (SeV (TDK) /Fctl4 (MMP#6) AM-GFP) and 
M-deficient Sendai virus carrying the F/HN chimeric protein 

30 (SeV (TDK) /Fctl4 (MMP#6) /Linker/HNAM-GFP) . The M-deficient Sendai 
virus, SeV (TDK) /Fctl4 (MMP#6) AM-GFP, in which the cytoplasmic domain 
of the F protein has been truncated, was constructed as follows . Since 
TDK was used as the framework, firstly, pSeV (TDK) /AM-GFP was 
constructed. GFP/EIS (GFP added with the EIS sequence encoding 
.35 transcription initiation and termination signals) was amplified by 
PCR using synthetic primers (Nhe-GFP-F: 
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ATCCGCTAGCCCGTACGGCCATGGTGAGCAAG (SEQ ID NO: 94), and 
GFP-EIS-BssHII: 

ATCCGCGCGCCCGTACGATGAACTTTCACCCTAAGTTTTTCTTACTACGGAGCTTTACTTGTAC 
AGCTCGTC (SEQ ID NO: 95)) with LITMUSSall/Nhelf rgAM-GFP as a template . 
5 Nhel and BssHII treatments were performed on the multicloning site 
of Sendai viral cDNA and the amplified GFP/EIS, and the resulting 
fragments were ligated to substitute the M protein with GFP in order 
to prepare pSeV (TDK) /AM-GFP . 

Fctl4(MMP#6) was amplified by PCR with 

10 pCAGGS/Fctl4 (MMP#6) /Linker/HN prepared in Example 31 as a template, 
using synthetic primers, Mlv-F: ATCCACGCGTCATGACAGCATATATCCAGAG (SEQ 
ID NO: 96) and Fctl4-EIS-SalI : 

ATCCGTCGACACGATGAACTTTCACCCTAAGTTTTTCTTACTACTTTAACGGTCATCT 
GGATTACC (SEQ ID NO: 97). The Fctl4 (MMP# 6 ) was inserted into the 

15 position of F to replace the F gene, resulting in the construction 
of pSeV (TDK) /Fctl4 (MMP#6) AM-GFP (Fig. 46). Next, an M-deficient 
Sendai virus carrying an F/HN chimeric protein 
(pSeV (TDK) /Fctl4 (MMP#6) /Linker /HNAM-GFP) was constructed. GFP/EIS 
was amplified by PCR with GFP as a template, using synthetic primers 

20 (Nhe-GFP-F: ATCCGCTAGCCCGTACGGCCATGGTGAGCAAG (SEQ ID NO: 98) and 
GFP-EIS-Sall : 

ATCCGCTAGCCCGTACGATGAACTTTCACCCTAAGTTTTTCTTACTACGGAGCTTTACTTGTAC 
AGCTCGTC (SEQ ID NO: 99) ) . The GFP/EIS and multicloning site Sendai 
viral cDNA were treated with Nhel and Sail. The resulting fragments 

25 were ligated to delete the M and F genes, and substitute with GFP 
- to produce pSeV (TDK) /AMAF-GFP . Fct 14 (MMP# 6) /Linker/HN was 

amplified by PCR with Fctl4 (MMP#6) /Linker/HN prepared in Example 31 
as template, using synthetic primers (F/HN5' Nhe-F: 
ATCCGCTAGCAGTTCAATGACAGCATATATCCAGAG (SEQ ID NO: 100), and 

30 F/HN3' Nhe-EIS-R: 

ATCCGCTAGCACGATGAACTTTCACCCTAAGTTTTTCTTACTACTTTTAAGACTCGGCCTTGCA 

TAA (SEQ ID NO: 101)). pSeV (TDK) /Fctl4 (MMP# 6 ) /Linker/HNAM -GFP was 
constructed by ligating Fctl4 (MMP#6) /Linker/HN to the Nhel site of 
the above-mentioned pSeV (TDK) /AMAF-GFP. 

35 

[Example 33] Reconstitution and amplification of the improved 
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F-modified M-deficient Sendai virus: 

Reconstitution of a virus from the cDNA constructed in Example 
32 was performed according to procedure reported by Li et al. (Li, 
H.-O. et al. , J. Virology 74, 6564-6569, 2 000; WO 00/7 007 0) . However, 
5 since the cDNA was of the M-deficient form as in Example 17, helper 
cells that provide the M protein in trans (Example 11) were used. 
Cre/loxP expression induction system was used for the production of 
helper cells. This system uses a plasmid, pCALNdLw, that is designed 
to inducibly express gene products by Cre DNA recombinase (Arai, T. 

10 et al., J. Virol. 72, 1115-1121, 1988). The inserted gene was 
expressed by infecting a recombinant adenovirus (AxCANCre) , which 
expresses Cre DNA recombinase, to the transformant of this plasmid 
by the method of Saito et al. (Saito, I. et al., Nucleic Acids Res. 
23, 3816-3821, 1995) ; Arai, T. et al., J. Virol. 72, 1115-1121, 1998) . 

15 The M-deficient SeV in which the activation site of the F protein 
is substituted was reconstituted as described below. LLC-MK2 cells 
were plated onto a 100-mm dish at 5x 10 6 cells/dish, cultured for 24 
hours, and then infected at room temperature for one hour with 
recombinant vaccinia virus (at MOI= 2) expressing T7 polymerase 

20 (PLWUV-VacT7 : Fuerst, T.R. et al., Proc. Natl. Acad. Sci. USA 83, 
8122-8126, 1986), which had been treated with psoralen under 
ultraviolet A (365 nm) for 20 minutes. The cells were washed with 
serum-free MEM. pSeV/F (MMP#6) AM-GFP (alternatively, 

pSeV(TDK) /Fctl4 (MMP#6) AM-GFP or 

25 pSeV(TDK) /Fctl4 (MMP#6) /Linker/HNAM-GFP) , pGEM/NP, pGEM/P, pGEM/L 
(Kato, A. etal., Genes Cells 1, 569-579, 1996), pGEM/M, and pGEM/F-HN 
(Li, H.-O. et al., J. Virology 74, 6564-6569, 2000; WO 00/70070) 
plasmids were suspended in Opti-MEM (Gibco-BRL, Rockville, MD) at 
densities of 12 |ng, 4 |ug, 2 jig, 4 jig, 4 jag, and 4 (ig/dish, respectively. 

30 SuperFect transfection reagent (Qiagen, Bothell, WA) corresponding 

to 5 jxL per 1 jig DNA was added to the mixture and mixed. After leaving 
standing at room temperature for 15 minutes , the mixture was ultimately 
mixed to 3 mL of Opti-MEM comprising 3% FBS, added to the cells, and 
then cultured. After culturing for five hours, the cells were washed 
35 twice with serum-free MEM, and then cultured in MEM containing 40 
|ig/mL cytosine p-D-arabinofuranoside (AraC: Sigma, St. Louis, MO) and 
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7.5 jig/mL trypsin (Gibco-BRL, Rockville, MD) . After culturing for 
24 hours, cells continuously expressing the F protein 
(LLC-MK2/F7/M62/A: Example 12) were layered at 8 . 5x 10 6 cells/dish, 
and cultured for another two days at 37 °C in MEM containing 40 jug/mL 
5 AraC and 7.5 jig/mL trypsin (P0) . These cells were collected, and the 
pellets were suspended in Opti-MEM at 2 mL/dish. After repeating the 
cycle of freezing and thawing for three times, the lysate was directly 
transfected to LLC-MK2/F7/M62/A, and the cells were cultured at 32°C 
in serum-free MEM containing 40 jig/mL AraC, 7.5 |ig/mL trypsin, and 
10 50 U/mL type IV collagenase (ICN, Aurola, OH) (only trypsin for 

pSeV(TDK) /Fctl4 (MMP#6) /Linker/HNAM-GFP) (PI) . Three to 14 days 
later, a portion of the culture supernatant was collected, infected 
to freshly prepared LLOMK2/F7/M62/A, and the cells were cultured 
at 32 °C in serum-free MEM containing 40 jig/mL AraC, 7.5 jag/mL trypsin, 

15 and 50 U/mL type IV collagenase (only trypsin for 
pSeV (TDK) /Fctl4 (MMP#6) /Linker/HNAM-GFP) (P2) . Three to 14 days 
later, of the culture was infected to freshly prepared 
LLC-MK2/F7/M62/A and the cells were cultured for three to seven days 
at 32 °C in serum-free MEM containing 7.5 ^xg/mL trypsin and 50 U/mL 

20 type IV collagenase (only trypsin for 

pSeV(TDK) /Fctl4 (MMP#6) /Linker/HNAM-GFP) (P3) . The culture 

supernatant was collected, BSA was added thereto at a final 
concentration of 1%, and stored at -80°C. The stock virus solution 
was thawed, and used for later production and in vitro experiments. 
25 As described above, SeV/F (MMP#6) AM-GFP in which the F protein 

cleavage site was modified from PLGMTS (SEQ ID NO: 61) to PQGMTS (SEQ 
ID NO: 62), SeV (TDK) /Fctl4 (MMP#6) AM-GFP in which 2 8 amino acids were 
deleted from the cytoplasmic domain, and 

SeV (TDK) /Fctl4 (MMP#6) /Linker/HNAM-GFP carrying the F/HN chimeric 
30 protein were successfully produced. 

[Example 34] Increase of fusogenic activity in the improved F-modified 
M-deficient Sendai viral vectors: 

In order to investigate the performance of the viruses produced 
35 in Example 33, various cancer cell lines having different expression 
levels of MMP-2 and MMP-9, and LLC-MK2, in which MMP expression is 
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not detected, were infected as described below, and the cell 
fusiogenicities of the vectors were measured (Fig. 47) . Each of the 
cancer cells (HT1080, U87MG, A172, 0251, SW480, and LLC-MK2 ) was plated 
onto a 24-well plate with a media indicated by the supplier to be 
5 confluent. U87MG (ATCCNo. HTB-14) and A172 (ATCCNo. CRL-1620) were 
purchased from ATCC. U251 (IFO50288) was purchased from JCRB cell 
bank. After washing twice with MEM medium, each of the M-deficient 
Sendai viral vectors (SeV/AM-GFP) was infected at M0I= 0 . 1 . The cells 
were left standing at room temperature for one hour and washed with 

10 MEM medium, and then 0.5 mL of MEM containing 1% FBS was added to 
the 24-well plate. After culturing for 48 hours, the number of fused 
syncytia per X100 visual field (0.3 cm 2 ) of an inverted microscope 
was counted. Alternatively, the cultured cells were fixed in 4% 
paraformaldehyde for two hours, transferred to 70% ethanol and then 

15 to distilled water, stained for five minutes with hematoxylin, and 
washed with water to count the number of syncytium- forming nuclei 
in every 0.3 cm 2 . The results are shown in Fig. 49. 

The expression of MMP-2 and MMP-9 was confirmed by gelatin 
zymography performed in Example 22 (Fig. 48) . As a result, expression 

20 of MMP-2 in HT1080, U87MG, and A172 was confirmed. Furthermore, low 
level of MMP-9 expression was confirmed in U251 and SW480. The 
apparent expression of MMP-2 in LLC-MK2 is due to the activity of 
MMP-2 in the 1% serum contained in the medium. Two days after infection 
of each of the cancer cell lines, the spread of GFP was observed. 

25 As a result, fusogenic activity was observed in U251 and SW480, which 
did not show the spread of infection with the conventional 

SeV/F (MMP#2 ) AM-GFP, infected with the improved F-modified 
M-deficient Sendai viral vector. In particular, those infected with 
the M-deficient Sendai viral vector carrying the F/HN chimeric protein 

30 (SeV(TDK) /Fctl4 (MMP#6) /Linker/HNAM-GFP) showed fusogenic activity. 
Although data is not shown, murine Lewis lung carcinoma and murine 
colon-26 carcinoma as well showed fusogenic activity due to infection 
with improved M-deficient Sendai viral vectors. The improvement of 
vector is expected to effect to further enhance the effect and exhibit 

35 effect on cancers with low concentration of MMP. 
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Industrial Applicability 

The present invention provides vectors that specifically spread 
infection in the presence of an objective protease. The vectors of 
the present invention do not show significant production of virus-like 
5 particles, and are transferred to neighboring surrounding cells only 
by cell fusion. Therefore, the vectors of the present invention are 
useful for infecting vectors locally to a limited area of the tissue 
of interest. In particular, the present invention provides vectors 
that specifically spread their infection to cancer. These vectors 
10 have strong inhibitory effects on tumor proliferation. Gene therapy 
for cancer using the vectors of this invention is very likely to become 
a novel cancer treatment with little side-effects. 
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CLAIMS 

1. A complex comprising a genomic RNA of paramyxovirus wherein (a) 
a nucleic acid encoding an M protein is mutated or deleted, and (b) 

5 a modified F protein, whose cleavage site sequence is substituted 
with a sequence that can be cleaved by a protease that does not cleave 
the wild-type F protein, is encoded, said complex further comprising 
the following properties: 

(1) the ability to replicate the genomic RNA in a cell to which 
10 the complex has been introduced; 

(2) a significant decrease in or lack of production of viral 
particles in the intrahost environment; and 

(3) the ability to introduce the RNA into a cell that contacts 
with the cell transfected with the complex in the presence of the 

15 protease. 

2. The complex of claim 1, wherein said complex is a viral particle. 
3 . The complex of claim 2 , further comprising the wild-type F protein . 

20 

4. The complex of any one of claims 1 'to 3, wherein the paramyxovirus 
is Sendai virus. 

5. The complex of any one of claims 1 to 4, wherein the protease is 
25 a protease whose activity is enhanced in cancer. 

6. The complex of any one of claims 1 to 5, wherein the protease is 
a matrix metalloproteinase or plasminogen activator. 

30 7 . The complex of any one of claims 1 to 6, wherein the sequence cleaved 
by the protease comprises Pro-Leu-Gly, Pro-Gln-Gly, or Val-Gly-Arg. 
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8. The complex of any one of claims 1 to 7, wherein a cytoplasmic 
domain of the wild-type F protein is partially deleted in the modified 
F protein. 
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9. The complex of any one of claims 1 to 8, wherein the modified F 
protein is fused with an HN protein. 

10. A method for producing a viral particle which comprises a genomic 
5 RNA of paramyxovirus wherein (a) a nucleic acid encoding an M protein 

is mutated or deleted, and (b) a modified F protein, whose cleavage 
site sequence is substituted with a sequence that can be cleaved by 
a protease that does not cleave the wild-type F protein, is encoded; 
wherein the viral particle: (1) has the ability to replicate the 

10 genomic RNA in a cell to which the viral particle has been introduced; 
(2) shows a significant decrease in or lack of production of viral 
particles in the intrahost environment; and (3) has the ability to 
introduce the genomic RNA into a cell that contacts with the cell 
transfected with the viral particle comprising the genomic RNA in 

15 the presence of the protease; said method comprising the steps of: 

(i) amplifying RNP, which comprises the N, P, and L proteins 
of the paramyxovirus and the genomic RNA, in a cell expressing 
wild-type M protein of paramyxovirus; and 

(ii) collecting viral particles released into the cell culture 
20 supernatant. 

11 . A method for producing a viral particle which comprises a genomic 
RNA of paramyxovirus wherein (a) a conditionally mutated M protein 
is encoded, and (b) a modified F protein, whose cleavage site sequence 

25 is substituted with a sequence that can be cleaved by a protease that 
does not cleave the wild-type F protein, is encoded; wherein the viral 
particle: (1) has the ability to replicate the genomic RNA in a cell 
to which the viral particle has been introduced; (2) shows a 
significant decrease in or lack of production of viral particles in 

30 the intrahost environment; and (3) has the ability to introduce the 
genomic RNA into a cell that contacts with the cell transfected with 
the viral particle comprising the genomic RNA in the presence of the 
protease; said method comprising the steps of: 

(i) amplifying RNP, which comprises the N, P, and L proteins 

35 of the paramyxovirus and the genomic RNA, in cells under permissive 
conditions for the mutant M protein; and 
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(ii) collecting viral particles released into the cell culture 
supernatant. 

12. The method of claim 10 or 11, wherein step (i) is performed at 
5 35°C or below. 

13. The method of claim 10 or 11, further comprising the step of 
presenting the protease that cleaves the modified F protein during 
at least either of step (i) or (ii) ; or the step of treating the viral 

10 particle collected in step (ii) with the protease. 

14. The method of claim 10 or 11, further comprising the steps of 
expressing the wild-type F protein of paramyxovirus in the cell during 
step (i) ; and presenting the protease that cleaves the wild-type F 

15 protein during at least either of step (i) or (ii) ; or the step of 
treating the viral particle collected in the step (ii) with the 
protease . 

15. A therapeutic composition for cancer comprising the complex of 
20 claim 5 and a pharmaceutically acceptable carrier. 

16. A recombinant modified paramyxoviral F protein comprising 
Pro-Leu-Gly, Pro-Gln-Gly, or Val-Gly-Arg at the cleavage site, and 
showing cell fusogenicity in the presence of matrix metalloproteinase 

25 or plasminogen activator. 

17. A nucleic acid encoding the protein of claim 16. 

18. A viral particle comprising the protein of claim 16 or a nucleic 
30 acid encoding the protein. 

19. A fusion protein having cell fusogenic activity and comprising 
the transmembrane regions of the paramyxoviral F and HN proteins, 
wherein the proteins are bound to each other on the cytoplasmic side. 

35 

20. The fusion protein of claim 19, wherein the sequence of the 
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cleavage site of the protein is substituted with a sequence that is 
cleaved by a protease that does not cleave the wild-type F protein. 

21. A nucleic acid encoding the protein of claim 19. 

22. A vector comprising the nucleic acid of claim 21. 

23. A viral particle comprising the protein of claim 19 or a nucleic 
acid encoding the protein. 
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ABSTRACT 

The present invention provides cell fusogenic vectors having 
replicative ability, whose protease-dependent tropism has been 
5 modified. M gene-deficient viral vectors encoding modified F 
proteins, in which the cleavage site of the F protein of paramyxovirus 
is modified to be cleaved by different proteases, were produced. In 
cells transfected with these vectors, the genomic RNA present in the 
vectors is replicated, and cell fusogenic infection spreads to 
10 neighboring cells depending on the presence of other proteases; 
however, no viral particles are released. The vectors of this 
invention, encoding the F proteins which are cleaved by proteases 
whose activity is enhanced in cancer, show cancer growth suppressive 
effect in vivo. 
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